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PREFACE 


Data procesamg has becotne a subject of vital concern to librarians. Within the 
past decade, they have begun to realize that advances in technology and 
improvements m the techniques of information system design are certain to 
bring about changes in the character of conventional library operations Scores 
of libraries are already using computers to reduce clencal burdens and accelerate 
semce to readers Others, including (he Library of Ctongress, the National 
Library of Medicine, the National Agnculiural Lbrary, and a number of 
university libraries have started large.$cale efforts aimed at establishing national 
library 'based information networks that involve a high degree of mechanization 

Before the digital computer and associated new technology can be put to 
work constructively in libraries, their power and limitations must be understood 
by the professional librarian Data processing clinics and data processing courses, 
which are beginning to appear in library schoob throughout the United States, 
provide excellent opportunities for learning But they have highlighted a demand 
for an integrated text appropriate to the needs of both the student and the 
practicing librarian 

The purpose of this book, therefore, is to assist libraries and librarians m 
resolving some of the problems faced in utilizing this new technology The intent 
IS to provide a concrete, factual guide to the principles and methods available for 
the application of modem data processing to library operations For the 
operating librarian, it should be considered a handbook, a tool to guide him in 
decisions concerning the introduction of data processing techniques into his own 
library For the student, if should be a textbook, educating him not only m 
methodology but also in the intenelationships between data processmg and the 
library For the system designer, it should be a summary of the state-of-the-art. 
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seiYwvg as a bridge between library objcctiires and the technology The book, 
throughout, lays special stress on the library and, particularly, on the 
significance of library values and policies for determining the choice of system 
The book gives emphasis to the computer, but always in the context of applying 
this technology to the solution of opeiatmg problems, as an addition to 
resources for information service, as a tool of good management, and not as an 
end in itself At most, theiefoie, the book aims to educate the profession in the 
use of these tools, and m the special problems of applying them to libraries In 
this respect, much of the groundwork has already been done— the profession has 
been educatmg itself, has earned out analyses of library operations, has 
experimented with mechanization, and is developing better concepts of cost 
control The book merely contmues a process that is already underway 

Bm we would be concerned if this area continues to be a predominant focus 
of future interest by librarians- Recognition of the professional and social 
impbcations of the computer has led university after umversity to initiate an 
educational program in information science These add to bbrary education a 
responsibility for teaching the newer methods for analyzing and solving 
operational problems, for mstructing in the methods of system analysis, for 
extending library control to include the newer educational media, for increasing 
the degree of specialization in library functions, for examining critical social 
problems in the use of information, and for understanding theoretical 
foundations But existing library school curricula are not able, either in content 
or duration, to accept the added burden that the computer implies It is clear 
that a completely new look must be taken. The issues relating to bbrary 
education are considered to be so cntically impottanv that the subject is given 
special attention in this book 

The book is organized into five major sections, each covermg a more or less 
welWefined segment of the problems in applying automation to libraries Within 
a section, each chapter presents a pnnapal topic of interest, and serves as an 
introduction to an annotated bibliogiaphy of pnmaiy references and additional 
recommended reading that follows 
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Chapter I 


library data processing 

SYSTEMS AND NETWORKS 


Ddta processing technology . including computers and punched cards, has evolved 
into a muttibillion doUat industry and has made its impact on almost every 
aspect of out society Its practical Uginnmgwasm the late ISOO's when Herman 
Hollerith of the Bureau of the Census cut a card to the exact dimensions of the 
American dollar bill, devised a method for tepieseniing numbers or letters by 
holes in the card, and used these cards to analyze statistics collected by the 1B90 
census ' 

Herman Hollerith's biography in the DtcUonaty of American Biography 
reveals that the idea was suggested to him by a libranan * Hollerith thus reports 
the incident in one of his letters “One evening at Dr B's tea table he said to me, 
‘There ought to be a machine for doing the purely mechanical work of 
tabulating population and similar statistics ’ ’’ The “Dr B” to whom Hollerith 
refers was Dr John Shaw BiUmgs, who was then Librarian of the Army Surgeon 
General’s Library and who became the Pint Director of the New York Public 
Library To this chance remark, Hollerith attnbutes his inspiration for the 
development of the punched card Since it was a libranan who started it all, is 
there any wonder that Dr. Bdlmgs’ professional descendants should wish to 
emulate his foresight by considering the use of data processing in libraries'’ 

Over the years, punched cards were gradually applied to diverse areas of 
business to perform functions associated with accounting. In 1930, Ralph Parker 
(then a Lbranan at the University of Texas) conoeived the idea of using punched 

' Heyti.Ciil.The EncycIopediaofUanagement Ht'iyot'k Rtmhold, 1963, p 589 
Dictionary of American Biography. Supfiement I NewYork Scribneri, 1944, p 415 



4 Library Data Processing 


card equipment for circulation work * Tic Director of the University of Texas 
Library was Donald Coney, and Parker recalls, with good humor, how after 
many months of persuasion Crmey finally gave him a $300 grant for 
expenmentation-but only after catilionii^ him to spend the money wisely! 
Another milestone m the history of library use of punched cards was passed in 
the following decade when Margery Quigley, Librarian of the Montclair Public 
Library in New Jersey, acquired special-purpose equipment for controlling book 
transactions^ This system of circulation control was the first to adopt the 
method of joining a machinc-teadible book card and a machine-readable 
borrower’s card as a suigle master record at bonowing time. This 25-year-old 
pilot punched card installation, which htiss Quigley fondly called “Punching 
Judy,” was the forerunner of the IBM 357 Data Collection System used by some 
bbraries today for computerized circulation work 

From these begmnings, the past 20 years have witnessed a rapidly increasing 
mteiest among librarians concerning the possibility of using punched card 
machines and, more recently, computers to carry out many library functions 
The reasons arc dear. First, the rate of publishing has climbed steadily, 
dramatically increasing the number of printed pieces to be acquired, processed, 
housed, and circulated by bbtanes. Second, a rapidly expanding and more 
literate population has generated demands for reader services that have far 
exceeded a library’s ability to respond effectively wnh traditional methods and 
techniques Third, the continuing improvement in the qualiUtive characteristics 
and econotmc efficiency of available technology has finally made feasible the 
mechanized solutions to these problems Prospects for the future are even more 
staggering Hence professionai libtanans, like other administrators, have been 
prompted to look for help to the new technology available in modem data 
processing equipment and systems 


The concern of the library profession with the ever-mcieasing costs of 
operating complex bbrary systems is lepiesentative of comparable concern in all 
intoiimtion actmues thtcrnghoul the Utiiled Stales Aad it is nitutal to search 
To, the answer to this concent m bette, solttttons to opet.tton.l problems and, 
pathcnlaily, to look to, them m the teehntq.es of methods analysts, 
ntechantza ton, and cost cmitol Exterad pressures h.„ also come front 
■" "'“"S' "“S y«“ antomatec" 

™er o c, *’"7™“’' •' •»»>. tal .1 has tesulied m many and 


.StS’.mf' Ch,c..„ Anrcr,™ L.br.r, 

W, T„ 
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library data processing applications 


Cicncal Functions 

Computer applications In individual libraries can be categonzed into three 
classes Tlie First involves the use of computers for supporting the clerical 
functions found m technical processing and circulation work. Several libraries 
have had programs written which cause computers automatically to perform 
certain routine work, such as interTilmg entries In a catalog, ordering books from 
publishers, wnting requests to the Library of Congress for cards, preparing serial 
record lists, monitoring arculation operations, printing book catalogs, and 
analyzing service to readers These applications, as in business, are designed to 
reduce the clerical burden, white at the same time inaeasing an organization's 
ability to perform more work They svill be discussed in detail in Chapters 14 
through 1 8 of this book 


Information Storage and Retrieval 

A second category of computer applications of obvious importance to the 
librarian is in the Field of information storage and retneval and the use of 
mechanization in reference work At a most complex level, the objective is to 
develop new methods for automatically aiding various intellectual processes, 
tuch as extracting meaning from text and correlating facts or inferring subject 
relationships from the complete content of articles and books Aithough there is 
much research m progress in these areas, a great deal more research will be 
required before such a capability will actually affect the duties of the reference 
librarian However, at a simpler level, “reference retrieval of bibhographical 
information” has immediate significance to all library operations In these cases, 
the text in question has been well formalized through years of library 
experience, and the problem is simplified because the elements of information 
ate limited in size, fixed, and easily identifiable These appbcalions will be 
discussed in Chapters 19and2Qoftlus book 


Operations Research 

The third category includes operations research and systems analysis These 
applications employ the computer as an aid in using the principles of scientific 
management in library administration Until recently, librarians paid little 
attention to the application of mathematics and computers to the decruoi- 
making process in library management Mathematical models and computer 
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Simulation, however, constitute a powerful tool for aiding library decision 
makmg In the early 1900's, the founderofsaentific management, F W Taylor, 
descnbed scientific management as(l) an inquiring frame of rmnd, which refuses 
to accept past practices as necessarily correct; (2) the replacement of rules of 
thumb by more carefully thought out guides to action, and (3) the collection of 
data to support deasions rather than the reliance on casual judgments * 
Operations research and systems analysis exemplify these pnnaples and extend 
their power by engaging the computer’s help Mathematical models are used to 
characterize a process, object, or concept in piease mathematical terms. When 
these are incorporated mto a computer program, it becomes possible to test 
variables and to see how the process, object, or concept will behave under 
different conditions The use of these techniques will permit a director of a 
bbrary to evaluate a course of action m advance of its actual implementation 
These applications will be discussed in Chapters 3 through 8 of this book, with 
emphasis on computer system evaluation 

In summary, for the individual library, mechanization can be viewed as an aid 
toward more economical operation, as a tool to release the Ubtatun from 
tedious nonintellectual activities, as a means for extending library services into 
new areas, and as an aid to better libraiy adminislration These applications are 
the pnmaty concern of this book 


LIBRARY NETWORK APPLICATIONS 

In addition, however, the use of modem data processing and modem 
communications technology offers a new dmension to cooperation among 
libranes The significance it has for the creation of “library networks” is just 
beginning to be appreciated at the pcesent tune, but ultimately it will have great 
importance 


Centralued Processing 

In part, the interest in library networks lies m the opportumty they prowde 
for economical centralized services A long-standing example of these services is 
the production of cataloging cards by the Library of Congress and commercial 
organizations and subsequent distribution of them to local libranes The 
automation projects of the Library of Congress, of the National Library of 
Mediane, and of the National AgnoAtural Library are designed to support the 


* Taylor. Frederick W , 
Harper, 1911 


Pnnaples and Uethods of Scientific Management Nei 


Yotk 
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library commurtity in this way. Therefore, they arc vital to the development 
of a national library network Tlicy are summarized in Chapter 2 Even on a 
local level, we see centralized processuig center* In individual state* and 
localities, serving community libraries, we see university cooperation in 
acquisition, cataloging, and use of maiertal*.* ‘ In each case, the econorruc 
justification of mechanization becomes clearer as the number of libranes 
benefiting is increased and as the effects of “economics of scale” are felt. 

Sharing of Resources 

However, even mote important than the role of centralized processing is the 
potential provided by library networks for shanng of resources It has long been 
clear that some degree of cooperative allocation of resources among a set of 
libraries can produce not only a more efficient total operation but even a more 
responsive one This historical recognition of the value of sharing rather than 
duplicating resources has resulted in the development of mtetlibraty loan 
systems and of cooperative arrangements such as the Farmington Plan,*’ the 

* Mackuton, Bstbua Evmi. "TTk Library of Confrest Auiomaiion froptm • Progreis 
Report to the StoekhoUerr.” ALA fia/fenn.bl (June 1967). 647.6SS 

’ Cvmmingi, Wirrm M , 'The Rote of «t»e NaCional Library of Medicine in the National 
BioMedictl Library Arnthofthe N*w York Aetdemy of Scitnet, 147 (Match 

Jl. 1967).S03-JIJ 

* Mohthifdl. rotter E , and BUnee L Oliven. “A National Network of Biological- 
Agricultural Libraries," Cotte/r end RetMivA Libwirt. 28 (January 1967), 9-16 

*Userow, Samuel. "Tne U.S National Libraries Task Force an Inslnimeni for 
National Library Cooperation,’ SpttulLibranei.S^Wmtmbtx 1968), 698-703 

'“Shachtman, Bella t. lamer P Riley, and Stephen R Sabnon, “US National 
Libraries Task Force on Automation ir*d Olhei Cooperative Services Progress Report No 
i," Library ofCoiipenInformBttOfBullelin.26 (November JO. 1967), 795-800 

' ' Leonard, Lawrence E , Joan M Slaiee. and Richard M Dougherty, Colorado 
Academic LIbrariet Book Processing Center Final Repeal Phase ! end Phase U Boulder 
Univeisity of Colorado Libraries, 1968 

' ^ Agenbroad, James E , el *l , NEt ISET-Nevi England Library Information Network 
Cambridge. Mass Inforonici, Inc , 1968 

' ^ Holmgren, Edwin S , "ANYLTS Bepoiu Progren.” Bookmark, 27 (February 1968), 
193-197 

“ Hayes. Phoebe F . "The PNBC of the Futoie." «VL4 Quarterly, (January 1968) 

4-7 

Merry, Susan A, "The Ontario New Umversuies Library Project-a Centralized 
Processing Experiment Completed," College and Research Libraries, 29 (March 1968), 

104 108 

Sherman, Don, and Ralph M Shoffner, Cdiforma Srafe Library Processing Cenfer 
Design and Specifications Berkeley InsUhiteofLIbtiry Research, University of Califomu, 
April 1969 

' ’Williams. Edwin E , /armingWB /fan 6fimd6oo* Bkiomington, Indiana Association 
of Research Libraries, 1953 
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National Union Catalog,'® and the (inter for Research Libraries'* Thus, 
mterlibrary cooperation is not a new concept, and the growth of Lbrary 
networks and systems, makmg brger Lbrary resources available to all readers, has 
been a contmuing theme of modem hbtananship But the effects of the 
computer, of modem communications, and of data processing in general will 
vastly increase the scope and context m which we can see library cooperation 
Recent progress m electnca! transmission indicates that we have reached an 
important communications threshold.*® The next step can remove the remain- 
ing bamejs to direct communication between libraries For the first time the 
technology will aUow libraries, withm economic limits, to transiiut and receive 
all foiTOS of messages wrtuaWy without spatia] or temporal constraints 
Communication hnks can consist of any combination of telephone lines, coaxial 
cables, microwave stations, or comrauntcation satelhtes They can accommodate 
audio, digital, and video signals. Voice communication, the digital exchange of 
information between and among computers, remote inquiry of electronic files, 
and the video transmission of films and other graphic matenals can therefore be 
earned by the same network 

Duect Access by Readers 

Furthermore, mstead of requmng patrons to come to them, libianes will 
soon be able to send printed and graphic matenals directly to users in their 
homes, offices, or local hbranes The ability of libranes to engage in two-way, 
multimedia communication not only with other libraries but with their own 
users IS likely to bring about a significant change in the hbtary’s role as a social 
institution * ‘ By devising means for daect use of mattnals, the library 
commumty will have created an educational and research capability more 
veisatile than anything previously developed 


General Network Structure 

Let us present a picture of whal the major elements in a library network are 
and of what role mechanization wdl play * * 

*'■ Haykm.DaridJ , "Some ProUems and Posubililies of Co-operative Cataloging,” /ti/t 
Bulletin. 21 (10). October 1927.355-358 

Eslerqueit, Ralph T. "Midweat Inter-Library Center." College end Research 
Libraries XV (1) January ISSd.pp 47-49,89 

Becker. Jo«ph, "CommunKations Networks for Libraries,” Wilson Library Bulletin 
4 1(«>. December 196$, pp 383-387 

New York, N y bUyoe's Adnasiy Task Force on CATV and Telecommunications A 
^porlon Cable Television and Cable Teleeommumcalions In N Y Oly (FredW Friendly, 
Chmn ) Oly HilL New York, September 1968 

Becker. Joseph, and Robert M Hayea, A Proposed Library Network for Washington 
Stale September 1967 r i ‘s 
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Component Libniics. A “library network" h constructed from a variety of 
cooperative groups of individual libraries, througli contractual agreements among 
the libraries to share their resources, and anangements for certain services. 
Figure I 1 defines terms that are usually used in describing a library network, 
and Figure I 2 gives a. schematic of existing elements from which it is 
constructed 

As figure 1.2 shows, the library network is based on the individual libraries 
as the primary building block From them, a variety of cooperative groups arc 
formed through contractual agreements that call for the following commitments 
from each library to the group 

1 A commitment to make its collection and services available to the 
constituency served by other libraries in the group on the same basis of semcc 
provided to Its own constituency 

2 A commitment to maintain an agreed-upon level of service (such as book 
budget and reference stafQ 

3 A commitment to pay for a proportionate share of the costs of a union 
catalog of the holdings of the group, from consideration of both the size of the 
population served and the contnbution of resources provided 

d A commitment to contribute to the estabb^ment or augmentation ofa 
collection strong enough to serve as a reference center. 

Geographical Croups The most evident kinds of groups ate those by 
geographic area Geographical groups may be expected to include all types of 
libraries in the area, including public, school, special, and governmental Lbranes 
In each group, it is expected ihat at least one “dominant” member will serve as a 
"group reference center " This may be the pnmary resource on which the other 
libraries in the group draw, it may be the administrative center for the group, or 
It may be simply the best reference collection Figure 1 J3 presents the schematic 
relationship of groups and group centers 

Specialty Groups Another Oess evident but equally important) kind of 
grouping is by specialty Examples include medicine, law, technology, educa- 
tional media, and the like These groups may be formed as a result of 
requirements for service to speaahzed oinstituencies (such as the medical 
community)’ ’ or to perform special services (such as technical information 
retrieval) ’ ^ Figure 1 4 presents a scheimtic of the creation of specialty groups 
and Specialty centers 

For a specialty group, the group center can serve much the same purpose as 
the reference center serves for the area group— that is, as a primary resource, as 
an administrative center, and as a central reference service However, for some 


Cummings, Martin M , op cil 

” State Technical Senices Act of /9tf5, Public Law 89-182 
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Term 

Defintlion 

1 Area 

One of several geographical areas, whose definition is based on 
population trends, economic data, political boundaries, and 
geography 

2 Geographical Group 

A compact of cooperating bbraiies withui an area formed by 
contract to share resources through a common book catalog 
Group afTibation within an area offers several benefits to a 
participating bbrary (1) it makes a much wider range of 
resources avaibbte to any one bbrary or to any individual in 
the tegvoiv, (2) through a common book catalog, it leUeves 
local cataloging burdens, thus releasing professional time for 
better and increased reader uivices, (3) economies can be 
achieved thiough centralized purchasing and processing, and 
(4) reduction m duplicate buying makes more money 
available for the purchase of a greater variety of new 
materials and other purposes 

3 l^eferenK Center 

A bbrary formally designated as the principal focal point for a 
geographical group A group center coordinates title sele^ 
tioni tor the puticipating bbmxet in its area for acqumtion 
and processing 

4 Infonnation Center 

Group center for a speculiy group, particularly one which 
mcorporates a high degree of substantive (subjecO compe* 
tence tn the specialty 

S Major National 
Renurcei 

Those national institutions (including the federal and research 
bbranes, professional societies, indexing and abstracting 
services, commeicul services) which are the primary source 
of cataloging and indexing data and repositories of original 
teferences 

6 Major Stale 
Resources 

The Urge bbraiies of a stale vihich. because of the excellence and 
sue of their coUeclioiis. serve as ultimate reference points 

7 Processing Center 

A formal organization for (1) ordering books for groups of 
bbranes, (2> producing and maintaining book catalogs for 
common nse. (3) processing books for library shelving 

8 Reader Service Point Hie pomt ot imtial contact m a library lyslem for servicing 
individual reader requests (including branches, bookmobiles, 
etc) 

9 Specially Croup 

A compact of cooperating libraries whose common subject 
interests draw them together for the contractual use of 
specialized resources. 


h fWTMi oignnxzkum for referring requests (hat cannot be 
satisfied by poup centen and wformation centers to Urger 
state or natuiial bbsanes 




>tic of existing element 












Figute 1 4 Defuntion of specially gioupcentc 
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specialties, it may be even more The concept of an “information center”-as a 
place of subject competence, of active researdi. and of analysis and synthesis of 
the hterature-is becoming mcreasin^y important The likelihood is great that 
many of the specialty group centers will be sudi “mformation centers” and will 
be associated with institutions of higher education m the state In such cases, 
their catalogs probably will not be a “union catalog,” but a catalog of the 
mformation center itself, produced by it as part of its research activity 

It IS to be expected that many libranes will participate as members of both 
an area group and one or more specialty groups. Typically, for example, a school 
library will be a member of an area group (shanng resources with the public and 
special libraries in the area) as well as an educational media group (sharing films, 
slides, and the like, among the schools of the state) and perhaps even as part of 
an educational research group, drawing on the resources of educational research 
centers and laboratories’* Or, for instance, a hospital library nught participate 
in an area group-usually drawing on the resources of the public library-as well 
as be a member of a medical specialty group. 

Production of Union Catahp The production of a union catalog that can be 
widely distributed among the libranes of a group is an essential element m 
shanng of resources The computer has a pnmary role to play m a “Catalog 
Production Service,” which can utilize the nationally produced magnetic tapes 
eontammg catalog and index data now becoming available Figure 1.5 
therefore presents, in schematic form, the acquisition of these nationally 
produced magnetic tapes and the production from them of catalogs that ate 
distributed to the libraries and reader service points m each geographic area 

Major Resourcei There are certain major resources that participate in a 
bbtary network Some of these resources (such as major mdustrial libraries) may 
be essentially outside the network and may be drawn on only through 
interhbraty loan cooperation. Others, particularly the universities, will be active 
participants in such a diversity of ways that they cannot be calegonzed For 
example, for many of the specialty groups, uiuversities wiU constitute the group 
reference center or mformation center. In addition, uiuveisities may provide the 
pnmary research collection of the stale and, as such, the ultimate resource 


’’Weinberg, Alvm J, Setener, Covemmenl, and Information. President’s Science 
Advisory Commission, lanuaiy 10,1963 

Egerton, John, ‘The Acid Test of Itw RegicmaJ Laboratories,” Southern EducaUan 
Report, 4(6),January-rebmary 1969, n> 12-17 

” Hayes, Robert M , Ralph M ShorTner, and David Weber, ’The Economics of Book 
Catalog PiodMttion.” Library Rnourcet and Techntcsl Services, 10 (Winter 1966), pp. 


’ “ Mechanised Information Services ui the Vnitenity Librar 
Library Research, University of cahroniia, 1967 


Los Angeles Institute of 
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Switching Center To provide access to these niajor resources and to the 
geographic and specialty groups, a switching center is established (Figure 1 6) 
With catalogs for the holdings of the ntajos te&ourcCS of the state, nation, and 
pnnapal groups from i^hich services are available on an mterlibrary loan 
basis.^’*^® Figure 17 illustrates the operation of a switching center in 
transmitting a request from a reader at a local service pomt to state and national 
resources, followed by the transinission of teievant tratenal back to him H 
also illustrates two of the key features of a library network as a system 

1 The request and its answer can be transmitted over the paths tnost 
appropnate to each— the request through subject competence, the answer 
through the closest pomt of reception. 

2. Different communication equipment can be used at each level, 
commensurate with the kinds of utilization required 

Technical Services, fn this kind of network, the individual Lbrary maintains 
its own identity and responsibility to its own constituency In particular, each 
bbiaty lernains nsponsible tot selecting, oideimg, and catalopng to meet its 
own special needs However, the benefits gained from cooperative acquisition 
should impel most groups to establish guidelines for individual library 
responsibility in specialized areas of acquisitinn and for combined ordering of 
more common material 


INFORMATION NETWORK APPLICATIONS 

The existence of a libnry network makes possible another kind of service, 
one of the most cxcitmg developments that data processing has thus fat offered 
the library profession It is the use ofbbtanesas the crucial adnumsUative agent 
in national ‘•mformation networks” that depend on the digital computer to 
search large files.^’’^* It promises a wholly new approach to the problem of 
gathering and retneving essential mformation. If we, as professional librarians, 
are looking for an intellectual challenge, then this is it. 

Hayes, Phoebe F , •'The PNBC of the Future” PNLA Qaerterly, 32 (January 1968), 
*-7 

**Esterquert RalphT.o/* cll 

* ' Schieber, William D , and Ralph M Sboffnee, Telefaesinule in Librsnes A Report of 
an £xpenment in facnmile Transnntjton end an AnalytiS of Implicaliom for Interbbrary 
IxjanSyttemt Berkeley lustituteofLibniy Reseated,, Unnaisity of California, 1962 

** Brown. George W , ei aj., Eiunet Report on the Summer Study of Information 
Networkt NewYoik Wiley, 1961. 

Hou* Committee on Education and Labor (The Pucinski Committee). National 
Information Crnre'Jfeannfi.May.Iuly.andSepteinber, 1963 





Figure 1.7 Represenlitne schematic of request trar 



laformation Netwolk Applications 19 

In the University of Illinois’ Vi'indsor Lecture in 19SI, the late Louis 
Ridenour referred to tomorrow’s library as a “communications center of a 
specialized sort Ridenour, an engineer, based his prophecy on the research 
and development that he knew were under way in the field of electrical 
communications He could foresee the ways in which the new technology would 
affect information transmission in libraries. 

Tile major communications common earners, such as the Bell System and the 
Western Union Telegraph Company, arc currently upgrading their facilities in 
order to provide these new seiyices Standard telephone line facilities, for 
example, although originally desired for voice communications, are already 
being used for transferring the digital language of computers from one point to 
another The American Telephone and Telegraph Company predicts that in the 
1970's more than half of the traffic transmitted over its lines will be in the form 
of digital data rather than voice communications * * 

However, although the technology needed to expand the library into an 
active transmitter of digitally recorded knowledge may be here, this technology 
alone is not enough The basic responsibility for getting the Job done creatively 
rests with the professional librarian and with (hose his new system is designed to 

As we shall discuss in detail in Chapter 2 , information network operations are 
already under active study by several organizations, including EDUCOM 
(Interuniversity Communications Council), Project INTREX at MIT, and 
COSATI (The Federal Government’s Committee on Scientific and Technical 
Information) EDUCOM represents the interests of more than 90 universities 
whose aim is to provide an mterumvenity communications system linking the 
computing centers and libraries of the various campuses At the same time. 
Project INTREX is attempting to apply the methods of information transfer 
engineenng to a model development within the Iramework of the MIT library 
environment In 1966, the Federal Government through its Committee on 
Scientific and Technical Information (COSATI) Task Group on National 
Systems undertook a detailed study and examination of national document and 
information systems ’ ’ Its report emphasizes the role that the new technologies 
will play in modifying the existing decentralized structure of information- 
handling activities 


Ridenour, Louis N ■ Ralph R Shaw, and A C HiU, Bibliography in an Age of 
Science, University of libnois Press, 1952 

"For the Bell System, All Phones are Ringing," Aunneii Week, 9 (January 1965), pp 
64-70 (especially p 66) 

Overhage, Carl F J , and R Joyce Hamao (eds) /ntree The Report of a Planning 
Conference on Information Trantfer Expenments Camhndge, Mass MIT Press 1965 

^ ' Cartel, Launot, et al , National Informattoa Svuems for Scientific and Technical 
Information New York Wiley, 1967 
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All of these efforts envision a network serving objectives some of which are 
very speculative and others tuetely the medumMd counterpart of existing 
normal manual practices Taken together, they represent a direction m current 
thinking with which the librarian should become familiar To provide a context, 
the following is a hypothetical picture of the “Library Based Information 
System” as it might operate in 1980 It is conscrvaliw and represents an attempt 
to rationalize existing institutions with technology, the bounds of economics, 
and realistic rates of progress 

Information Services 

In general terms, a library-based mfonnation system is viewed as a collection 
of storage media-books, senah, nucrofomis. magnetic tapes and disks, and data 
cells-available at a number of physically separate libraries that represent both 
pomts of physical storage and points of access and service. The services include 
the functions of acquisition, cataloging, tefeicnce, information specialists in 
subject disciplines, mechanized information services, and current awareness 
services. By 1980 the library wdl be the point to which demands will be directed 
for computerized informaiion semoes, utilizing existing data bases.^^ Such 
processing generally has been considered as including the following, as 
representative examples * ’ 

(a) Information retneval based upon strai^tforwaid matching with index 
data 

(b) Textual analysis and language data processing. 

(c) Question answering and similar deductive analyses of text data 

(d) Statistical analyses of text, associations of terms together in indexes 
and text, and similar forms of reference 

(e) Preparation of lists, including permutation indexes, subject authonties 
and thesaun, and citation indexes 

(f) Analysis of word relations for derivation of classifications and other 
forms of structure for predicates of description 

(g) Extraction of relevant numencal data fields from data bases (such as 
census tapes and socioecononuc data banks) and denvation of simple statistical 
relations 

The Role of the Library 

Information services of all kinds wiU be regarded as a national resource, with 
libraries as major components m the national information system The individual 

^^echanlzedlnforrmllon Stri'iecsin ihr Vnirertuy Libnrv. op at. 

Silton, ^laid, AulomaUc tnformahon Oi^ntzalion and RemevaL New York 
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library will therefore be one of the pnncipal nodes for entry into a variety of 
information networks Hiesc will include a high level of mechanization in 
communication Ihrougli which the library will handle requests for direct transfer 
of mechanized data bases, for facsimile transmission of pnntcd material, and for 
real time transmission of video material (including video recording of it for later 
retransmission locally) To provide intellectual access to this malenal, the library 
Will include a "union catalog" of mechanized data readily available through the 
network, including reference to its location, its form, and its means of access/ 
Tins will allow the library to service requests for data files stored elsewhere as 
well as its own 

Mechanized Catalogs and Indexes 

Tlie availability of mechanized catalogs and indexes will also simplify the 
handling of many library clerical tasks Orders will be recorded, through 
typewriter terminals, directly into the computer data base and then pnntcd out 
for mailing to the dealer Existing catalog data will be used to facilitate the 
identification of desired material Catalogs wiH be mamtamed, on both a 
centralized and a decentralized basis, in direct access stores for the recent 
matenal and most active data Penodically, pnnted catalogs will be produced for 
the collection in specific areas As needed, specialized catalogs will be pnnted for 
the needs of individual library patrons, mfomialion centers, and libraries 
Circulation of pnnted matenal will be controlled by on-line recording at the 
time of check-out This can be interrogated on-line at any subsequent time and 
requests for reserve or return of the matenal placed against the circulation 
record itself Complete accounting data and statistics of operation will be 
mamtamed by a monitoring of all clencal activities (including oidenng, 
cataloging, and circulation) and infonnation services 


The Role of Information Centers 

Many specialized areas of research will have the requirements and financial 
resources necessary to justify information centers Usually these will provide 
mformation specialists, trained in librananship and the technology of informa- 
tion service as well as in the speaalized field being served*’’'*^ They will 
provide indexing, abstractmg, and dissemination services especially attuned to 
the needs of the specialized field They will provide computer-based information 

Broun, George W .fJunef, 0/7 at 

*' Annual Progress Report of the HINDS Neurological Informatiort Net^'ork Washing- 
ton. DC US Depaitment of H E W . Public Health Setvice, National Institutes of Health, 
January 1969 

Burchinal, Lee C . ERIC and the Need to Know, GPO, Washington. D C . 1 967 
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services, including information retncval, question answering, text processing, and 
data analysis A set of related mfoiimtion centers will be regarded as an 
information network, more or less dosely interconnected and intercommuni- 
cating 


Major Resources 

Certain of the major library resources of the United States will be regarded as 
pnmary stores of umque matenal. of material for general use but not used 
frequently enough to warrant duplication, and of matenal for fields not served 
directly by specialty libraries and information centers * * They will provide the 
primary equipment for computer-based services, both dencal and informational, 
particularly in support of the needs of specialty Lbraties and information 
centers They will maintain a computer-based ondine catalog of recent accessions 
and other matenal of high frequency of use. They will provide a number of 
on-line consoles with direct access to the library's computer-based data files 
They will store machine-based data (some m the form of magnetic tapes, but an 
increasing amount by 1980 In “read only" photographic stores**) acquired from 
national sources or produced by mformation centers, and will provide both 
scheduled and on-line access to (hose data Particularly where matenal from the 
machme data bases has a frequency of use hi^ enough to warrant it, that data 
will be available on-line in direct access stores. The specialty bbrary will provide 
the services of a staff, trained in the utilization of machine-based data files, and 
Will provide machine-based services to any qualified group or individual needing 
(hem It will provide access to a union catalog of all machine-based data files 
that are available for use from anywhere in the network. It will serve as a major 
point of entry into the mteibbrary commurucation network Among the 
machine-based data that it mamtams and catalogs will be programs, data 
recordings, and imcrofoims in support of computer-aided instruction 


LIKELY PROGRESSION OF STAGES 

To create such bbrary networks and bbracy-based information systems, the 
libianes of today must move Ihiough a progression of interim systems Each of 

Webet, David C , Index to the Minutee of Meetings of the Association of Research 
Libraries 1932-54 Bloomingtgn Indiana ARL t954 See. especiaUy, under such leads as 
Interlibrary Co-operation Co-operattxe Acquinttoas Co-operative Cataloging Farmington 
Plan. Interlibrary Loans. LC Library Oyopemtion Division, etc 

tnfosmation Storage,” Control Engineering (August 
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them should be planned to be opeiationally viable, to be technologically and 
economically feasible, to be a reasonable extension from the preceding system, 
and to be a step toward the achievement of the desired system of the future. As 
a preliminary definition of such a progression, the following are projected 
systems likely to be operational at intervals of three to five years In each case, 
activities Will be estimated as either operational, developmental, experimental, or 
speculative 


The Present System 

Operational Aciiviiiei^ All traditional library services are operational. A few 
local mechanized clerical systems arc operational, but only on a limited basis and 
usually at major resource libraries Pnntcd book catalogs cover the holdings of 
only a limited number of local libraries and are available only at a limited 
number of points Machine stored catalogs arc virtually nonexistent Access to 
the collections at other bbraries by the users of one library is provided only by 
the “interhbrary loan" procedure and involves an average access time of much 
more than a week 

Development Activities. The creation of a variety of tpeciabzed mformation 
centers is a major developmental actmiy. pnmanly under funding from federal 
agencies The mechanization of clencat processes is another major developmental 
activity at many libraries 

Experimental AettviCies. The mechanization of ’‘information services” is an 
experimental activity m several specialized infomution centers The use of more 
direct methods of circulation among bbraries, including the use of facsimile 
transmission, is an experimental activity among several bbianes 

Speculative Activities. MachineAiased infotmaUocv services as a general part of 
the hbrary, the connection of computers into a “network,” the storage of large 
data bases in direct access memory, and the use of consoles for commuiucation 
with large data bases are all still speculative 


The Second Stage System 

Several activities, both national and local, should reach fruition within a three 
to five-year penod and should bnng many activities, which were either 
developmental or experimental, to an operational stage 

Operational Activities. Most of the clencat activities in the central library of 
many large systems should invob* cyeiational ow of fhe computer m batch 
mode, a few will use consoles for ontoe commumcation with a central 
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computer •*’ A number of specialized information centers will be operational, 
and several of them will utilize mechanized data bases as an integral part of their 
services The use of nationally produced magnetic tape catalogs and indexes as 
an aid to general internal library functions wil be operational, in a batch 
mode 

Developmental Activitiei The on-line use of the computer for clerical 
operations in circulation, acquisitions, and cataloging will be a continuing 
developmental activity The use of nationally produced magnetic tape indexes 
and catalogs for service to users outside of the library will still be in 
development, but also nearly operational Facsimile transmission of library 
materials wili be m development. 

Experimental Activities. Access to the entire collection of a network for 
qualified mdividuals, by direct call to any library in the network, with delivery 
by mail (or interlibrary bus for close libraries) will be an experimental activity 
The storage of very Urge data bases in direct access and the use of consoles for 
direct access to library data bases will still be expenmental The use of a 
computer network for transmission of library data bases will be experimental 
The use of microform “consoles,” operating under computer control, will be 
experimental. 

Speculative Activities The use of the computer for storage and processing of 
a large amount of text matenal will still be specubtive as will its use for 
“question answering’' and similar sophisticated mtellectual processing 

The Third Stage System 

Operational Actmties Nearly all of the clerical activities in all libraries should 
be operational in a combination of on-lme and batch modes (on-line for most of 
the input of circulation, acquisition, and catalogmg data, batch for most of the 
processing and bulk, output) Union book catalogs for the holdings of various 
groups of Lbtaries will be computn produced The use of nationally produced 
magnetic tape catalogs and indexes will be an integral part of library operations, 
mcluding acquisition, cataloging, and reference For recent matenal and h^y 
active matenal, the use will be through on-lme consoles The use of nationally 
produced magnetic tape catalogs and mdexes by the research commumty of the 
country wfll have been an operaUonal setvic* for some time The transfer of 
mechanized data bases between bbranes will be operational, or nearly so 
Facsimile transmission between bbranes will also be operational over interbbrary 
cojnmujucation networks 

** Bbck, Donald V , "Syilein Development Corpontic 
School Libranei 40(3) March W9. 121-126 


I’s LISTS Project," California 
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Deirlopmcnlal Actmtict Usage of consoles by the individual for access to 
data base material from the library will be developmental The use of 
microform consoles will be devclopmetital.** as will the large-scale production 
of microforms by the library 

Experimental A cm-iriei Tlic storage of very large data bases in direct access 
stores will be an experimental activity insofar as the libnry is concerned. 

Speailative Actn-iiict The storage and processing of text material, including 
“question answering" and similar sophisticated intellectual processing, will still 
be speculative 


Suggested Readings 

The following references are suggested as readings that will provide 
perspective on the subject matter of this chapter and the detailed references 
included in it 

Bush, Vannevar, “As We May Think,” Attantie Honthh. 176 (July 1945), 
101-108 

The earliest, and perhaps the most important, single description of the 
potential uses of computers for information processing 

King, Gilbert W (ed ) Automation and the Library of Congrest Washington, 
D C , Library of Congress. 1963 

The report of the study that initialed the continuing work at developing 
mechanization at the Library of Congress, including its services to other 
libraries 

knight, Douglas and E Shepley Noutsc, (eds ), Libraries at Large New York 
Bowker, 1969 

Based on the various reports contracted for by the National Advisory 
Commission on Libraries between September 1966 and October 1968, this book 
provides one of the most comprehensive pictures yet presented of the function 
of libranes in this cquntry Chapter VII >s especially concerned with the effect of 
technology Appendix F-3 presents detail about Library Technology 
Licklider, J C R . Libraries of the Future Cambridge, Mass MIT Press, 1963 
Based on a study sponsored by the Council on Library Resources, this book 
presents the concept of the “online intellectual community," in which the 
computer becomes a switching center through which people communicate with 
each other and with large, mechanized databanks 


Overhage, Carl F J , Mrex op at 
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Philipson, Morns, Impbcattoiu for the Future New York Vintage, 

1962 

A collection of essays that, together, prcmde a most valuable introduction to 
the effects of computers on our socKly 

Weinberg, Alvm, Science, Covernment, arid Information. President’s Science 
Advisory Committee, January 10, 1963 
A report recommending directions to be taken in development of a national 
program of information for saence it emphasized the need for information 
centers that would analyze the substantive content of the literature. 



Chapter 2 


REPRESENTATIVE 
MECHANIZATION PROJECTS IN 
LIBRARIES 


As was indicated in Chapter S, mechanization in libraries has been well under 
way and is now moving forward at an accelerating pace To provide a perspective 
on its present status, ii is useful to review a number of individual programs, each 
of which illustrates one or mote of the driving forces behind mechanization in 
libraries In doing so, our emphasis wiU be on activities in the United States, 
because they are the ones with which we are personally most familiar. It should 
therefore be noted, from the outset, that in many aspects other countries have 
been leaders as well We think especially of Canada, England,* the Soviet 
Union, ^ and the Netherlands 

Some of these programs have been national efforts supporting and coordinat- 
ing the development of mcchaniiation-ihe Council on Library Resources, the 
Office of Science Information Service (NSF), the Committee on Scientific and 
Technical Information, the Office of Education, and the National Commission 
on Libraries 

Several are national programs, in both the federal goverment and the private 
sector, which are creating {as part of their own publication requirements) the 
mechanized data bases on which mechanization efforts in libraries can be 

' Program News of Computers sa Bntish Unirersity Libraries Belfast, North Ireland 
Queen’s University School of Ubrary Studie* 

^ Tareev Boris M , “Methods of Diueimnatuig Scientific Information, and Science 
Information Acuviliesm the USSR,” ,4menouif>ocumeB/ef(£>n, 1 3 (3) (July 1962), 340 
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based— the Defense Documentation Center, the National Aeronautics and Space 
Administration, and the Atomic Energy Commission; the Clearinghouse for 
Federal Scientific and Technical Information, the Library of Congress, the 
National Library of Medicine, and the National Agricultural Library, Chemical 
Abstracts Service and other professional societies, and commercial organizations 
using mechanized publication. 

Several programs represent efforts at the state and regional level, directed at 
the sharmg of resources and processing services among libraries of all kmds 
Many of these have been stimidated and supported by funds under the Library 
Services and Coftstruction Act, with various “techmcal’' processing centers being 
developed as part of state-wide programs The programs in the states of 
California, New York, and Washington involve planning and experimentation for 
a significant degree of mechanization 

Several programs represent efforts, of varying degrees of success, to develop 
mechanized library systems m the academic commumty Some have been 
focused within the single university research library-the University of Missouri, 
the Washington University School of Medicine, Florida Atlantic University, 
Harvard, the University of Chicago. Stanford, Columbia, and Massachusetts 
Institute of Technology Others have been efforts to facilitate cooperation 
among academic Lbranes-Educom, the cooperative processuig center for 
Colorado Colleges and Universities, the Ontario New Univenities Library 
Project, and the Utiivetsity of California Task Force Project 

Finally, a great many programs have been simply on-gomg efforts, in libraries 
everywhere, to understand mechanization and to use it effectively. 


NATIONAL EFFORTS TO SUPPORT AND 
COORDINATE LIBRARY MECHANIZATION 

The development of mechanization in libraries has been a surprisingly 
difficult task When data processing specialists first approach the task, they 
rightly wonder what the difficulty is, particularly if the problem is limited to 
clencal processing. But the fact is that, although mechanization of library 
clerical processing is probably not inheRntly difficult, it is inherently expensive, 
particularly m comparison with the usual bbraiy budget. The agencies that 
provide financial support and coordination, therefore, have occupied an 
especially important role 


The Councd on Library Resources* 

In 1955. two conferences were held in the Folger Shakespeare Library, 
Washington. D C , under the auspices of a comrmttee headed by Dr Lewis B 


CourK:iIonLibraiyResoutce»,ltK../(Bnuo/«epoml.9(I9S6-1966)WashinBton DC 

0««Jopm*ntJ<NtwdtWJsJ The mewdelters announce ttie initidUon of projects, the 

annual reports dcscnbc their current italuj 
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Wright, Director of the Folgcr Shakespeare Library; Dr L. Quincy Mumford, 
Librarian of Congress, and Dr. Leonard Carmichael, Secretary of the Smithson* 
lan Institution These meetings brought together scientists, research scholars in 
the humanities, university administrators, and librarians to discuss proposals for 
the formation of a national library {banning group to support research studies 
As a result of their proposals, the Council on Library Resources, Inc , was 
established as an independent, nonprofit body incorporated in the District of 
Columbia, on September 18, I9S6 The Ford Foundation made an initial grant 
of SS million to support its aclmlics during (he first Five-year penod, under the 
direction of Verner W Clapp who left his position as Chief Assistant Librarian of 
the Library of Congress to become first president and executive head of the 
organization 

Purposet The Council's purpose, as first stated, was to assist in the solution 
of problems of research libraries by conducting or supporting research, 
demonstrating new techniques and methods, and disseminating the results At 
the end of the first year of operation, (he Council restated its views that the 
mere extension of present techniques would not setve future needs, and that the 
Council should seek new answers through support of' (1) have research in the 
processes of distribution, organization, storage, and communication of know- 
ledge, (2) technoloztcal development for the improvement of the physical and 
mechanical apparatus of library work, patliculaily the application of computers, 
and (3) methodological development through changed procedures and cooper- 
ative enterprises 

Early Crann During the first five years of the Council’s operation 
(1956-1961), many important studies were supported by its grants A grant was 
made in the first year to Rutgers University School of Library Service for a 
study, “Targets for Research in Library Work,*' under the direction of Ralph R 
Shaw, It resulted in the publication beginning in I960 of the series The State of 
the Library Art, covering all areas of library work * A grant to the National 
Library of Medicine made possible the convenion of 77ie Current List of Medical 
Liferamre into Index Medicus, completed in 1961 ’ Its expanded coverage and 
improved arrangement were accomplished through mechanization of the 
production of printer’s copy using a system of tape operated typewriters, 
machine-sorted punched cards, and a "sequential camera ” (Subsequently, the 
project was expanded and led to (he “Molars" system discussed below ) The 
Council sponsored studies of i^otostorage and retrieval systems to solve 
problems of preservation, storage, and retrieval A grant was given for a survey of 
the operations of the Library of Congress to see how computer data processing 

" Shaw, Ralph R , The Stale of the Library Art New Brunswick. N J Rutgers State 
University, Graduate School of Library Semce, i960 

* Tame, Seymour, ‘The New Index Medicui,'' Bulletin of the Medical Library 
Association 49(1961)43-63 
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could be employed in the Library’s operations. The resulting report, Aulamaticn 
tfnt/r/ie£i6rary o/Cortgresr, publishcdm 1963, describes how automation at the 
Library of Congress could provide benefits for other libraries as well-* Since 
then, further grants to the library of Congress have concerned conversion of the 
information on catalog cards to machine readable form for computer processing, 
and have led to the distribution of such data to other Iibranes ^ 

Subsequent Grants. To help detemune the diKction of future research, the 
Council contracted with the firm of Bolt, Beranek, and Newman, Inc., of 
Cambridge, Mass for exploratory research on concepts and problems of libraries 
of the future (that is, in the year 2000) Directed by Dr J. C. R. Licklider, 
formerly a professor of psychology and communication at M.l T. and Harvard, it 
resulted m the report Research on Concepts and Problems of Ltbrariet of the 
Future, published m 1963, and a book, Ltbrartes of the Future, published m 
1965 Both works concentrate on the concepts and problems in man’s 
interaction with the body of recorded knowledge and in the use of computers 
for information storage, organization, and retrieval. 

Subsequent grants, made in 1966 and 1967. included support for the MARC 
(Machine Readable Catalog) pilot project of the Lbrary of Congress,' ® a study 
of the costs of automation in the library,' ' an evaluation of the use of facsimile 
transmission between libraries;’^ studies of computerized book catalog produc* 
tion methods,'* the design of teponal cataloging and processing computer 
centers, and the study of new types of subject indexes A grant was made m 
March 1967 to continue Project INTREX (Information Transfer Expenments) at 
MIX’* The experiments deal with means of document storage, selection, 


® Kuia, CJberl AutoTtution and the Ubniry of C<i*^pe« WajJiuijton, D C • Ijb«jy o/ 
Conprets 1963 

'' See the Uestripuonjof the MARCpiO|ect, later in thu Chapter and in Chapters 10 and 
17 

* Bolt. Beranek, and Newman, Inc .Rereorch on Ctnicepls and Problems of Libraries of 
the future Cambridge. Mass , 1963 

’ Licklider, J C. B sAeFuftwe Cambridge. Mass MIT Press, 1963 

Markuson. Barbara E , 'The Library of Congress Automation Program' a Progress 
Report to the StockhoUets,’ML.d Bulbltn 61(6) (June t967),647/>SS 

* ' See Chapters 14-18 of this book 

Schiebet. William D . and Ralph M Shoflher. Telefacsimitein Libraries A Report of 
an fxpenmeni in Facsimile Transimsaon and an Analysis of Implications for fnlerlibrary 
Loensystems Berkeley JnrWuteof Library RcseanA, University of California 1967 

Hayes, Robert M, and Ralph M Shoffner, The Economics of Book Catalog 
Production Sherman Oaks Caliiomsa Advanced Information Systems Division Hushes 
Dynamics. May 31 1964 

PI '*°”'*'*S*' J , and R Joyce Harmon (eds), IVTREX The Report of a 

’’ummng Conference on Information Transfer Expenments September 3. 1 965 Cambridge 
Mass. MIT Press 1965 
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transmission, presentation, and ifproduction as needed for a full text access 
system 

Wlicn the Council was established in 1956, it was the only agency exclusively 
concerned with assisting research in the solution of the problems of libraries 
Since that time many others have been establisiicd. some supported in part by 
the Council at the University of Illinois, a Library Research Center,** at the 
University of California, the Institute of Library Research;' ‘ at M I T , Project 
INTREX at the American Library Association, the Library Technology 
Project ' ’ 

In summary, the Council on Libraiy Resources has had a seminal role to play 
in bringing mcchaniiation into libraties At that initial, uncertain stage of 
development, when moral support is just as meaningful as fmancial, the Council 
provided both to projects that have since become the leaders 

The Office of Science Information Service. NSF 

In 1958, the Office of Science Information Service was established as part of 
the National Science Foundation, under the leadership of Dr Burton W. 
Adkmson The three mam functions of the office are 

1 Coordinating the scientific information activities of governmental 
agencies 

2 Supporting organizations performing research on advanced methods of 
indexing, abstracting, translating, and publishing scientific information. 

3 Publishing reports on advances m the field of information retrieval ‘*"'® 

Science Information. Although the focus of OSIS interest is on information 

services to the sciences, the results of the studies and developments they have 
sponsored have had a real impact on mechanization m libraries ' ' Much of 

' ^ Garrison, Guy G , "Library Research Center, Uiuversily of Illinois'' A L,4 Education 
Division NewsItltcrUo 60 December 1966, p K 

Hayes, Robert M , and M E tiiion.lnsuiute of Library Research Annual Reports 
196S-1969 Los Angeles and Berkeley Institute of Library Resesuch, University of 
California, 1966-1969 

”ALA Library Technology Fro/ect Anrme} Report! UI-1959-6D Especially the 
First Annual Report 

Current Research and Development hi Seienli/tc Documenrorio/i, 1938-Nalional 
Science Foundation, Office of Science Infonnation Service 

” Non Conventional Technical Infonnatton Systems in Current Use, 1958, National 
Science Foundation, Office of Science Infonnation Service 

Specialized Science Information Semces us the United Slates, National Science 
Foundation, Office of Science Informatirm Service. November 1961 

Tale Fred A , "Progiess Toward a Computet based Chemical Information System", 
Chemical and Engineering News. XLV {Jan 1967), 78-90 
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the impact has been indirect, since it has come front a steady increase in the 
numbei of individuals and organizations concerned with mechanization of 
information handbng 

Library Mechamastion. Recently, however. OSIS has been directly concerned 
with mechanization in libraries as such, viewed as major components m national 
systems for information services to aaence. For example, starting in 1966, OSIS 
provided support to the University of Chicago for development of an integrated, 
on-line library clerical system.** A second project, at the Institute of Library 
Research of the Umvenity of California, was concerned with planning for the 
implementation of mechanized mfotmattoa services in a university library 
The premise of the latter is that as magnetic tape data becomes available, 
hbranes will acquire it (just as they now acquire books, serials, and microforms), 
but they will be faced with vasliy different and more complex problems in 
providing services from this form of data 

In summary, the work supported by the Office of Science Information 
Service has provided a new picture of the content of library services and 
particularly of the role that mechanization must play in them. 


Committet on Scientific and Technical Infonnation 

A “Committee on Scientific Information” was established in 1962, whitdt 
later became the “Committee on Scientific and Technical Information” 
(COSATl) in 1964. Its functions arc to coordinate scientific and technical 
infonnarion services of government agencies, to examine interrelationships of 
existing information services, both within and outside of government; to identify 
gaps or Unnecessary overlaps, and to develop government-wide standards for 
compatibility aniong systems This group operates m the very shadow of the 
President of the United States. Therefore, although they are charged only to 
investigate areas of cooperation and to suggest pathsof action, their recommen- 
dations have great significance 


Membership in COSATl The following groups are represented on COSATl 
National Science Founditron NSF 

Atomic Energy Contnussion AEG 

Department of Defense DqD 

National Aeronautics and Space Administration NASA 


I'nn’efniy of Ctiicaja'r Au<om«(ion Library of Congress informatiort 

euttffui.2M4)(Janu»fy26.i967).72.73 ^ i s 

Stechanizrd Information Stntets tn the l/nfremiy Library. Institute of Libraiy 
R^ieaKii. (;ivvc>siC}r of CWomu, Decentei 15 , 1967 . 
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Office of Science and Technology 

(Office of the Prettdent) OST 

Department of Agriculture DOA 

Veterans Administration VA 

Department of Commerce DOC 

Department of Health. Education and Welfare HEW 
Department of State DOS 

Bureau of Budget BOB 


The Library of Congress is not in the Executive Department and therefore is not 
represented directly 

COSATl Publicationt Among the accomplishments of COSATl are the 
following ones Beginning m I96i. it has published a senes of standards to aid 
information centers, documentation centers, and libraries in the use of scientific 
and technical reports In 1964 it published the COSATl Subject Category 
List and wnhm a year, the Department of Defense (DODj-Modifled List was in 
use This list of 22 fields, with 178 subgroups and an index, is meant to 
assist in the subject arrangement of technical reports COSATl surveys included 
a 1966 ImentoTy of Information Science and Technology Activities in which 
more than 1000 projects, supported by federal agencies, were reviewed 

National Information Systems. COSATl has defined its major goal as the 
Creation of a National System for Scientific and Technical Information U feels 
that the federal government has the responsibiUty to ensure that there exists 
Within the United States at least one accessible copy of each significant 
publication in the world wide scientific and technical literature, and that this 
information must be announced and made available to quahfied uidividuals and 
Organizations in the United States ’ ' It views information centers as a 
permanent part of any national system for scientific information, with 
document-handling systems tailored to serve different groups of users and 

** COSATl Standards for Descnpnre Calalogmg of Government Scientific and 
Technical Reports Washington, DC lW3(Rc»i*<l 1966) 

COSATl, Guidelines to Formal Stambrdt for Saenttfic snd Technical Reports 
Rrepared by or for the Federal Government Washington, D C , December 1968 

** COSAJI, Federal Microfiche SlentSards,'flas\un^tan, D C . 1963 (Revised 1965) 
COSATl, Guidelines for the Development of Information Retrieval Thesauri 
Washington, D C , 1 September 1967 

** COSATl, Sui/ecraifegorylM/,Wa*iiigton.DC. 1964 (Revised 1965) 

Department or Defense. DOD jt/oA^ed £wr. Washington, D C , 1965 
COSATl, Inventory of Information Setateeead Technologv AeuvUies, Washington, 
DC. 1966 

CQSMlt. Recommendations for Nattotal Document Handling Systems m Science and 
Technology, Washington. D C . Noveiabet 1965 
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manual systems supplemented by “advanced technologies ” It therefore has 
commissioned a number of studies of national information systems for science 
and technology 

All of the studies made by COSATI have included the existmg federal 
libranes as important resources Thus it is easy to see that the actions m the 
name of COSATI can have far-reaching implications for practically every library 
m the federal government Equally obvious are the effects on the many 
industrial, educational, and public hbranes m this country and abroad. 


Office of Education 

The Office of Education has had a long history of support to libraries, best 
represented by the Library Services and Consfiuction Act and recent federal 
legislation concerned with education that has consistently recognized the 
importance of bbrary service 

library Mecharmation. In all this legislation, there has been an increasuig 
emphasis on mechanization and “information science” as an expansion of library 
services into new areas.*^ This can be seen particularly m the Title III of the 
Lbiary Services and Construction Act (which calls for the development of 
state-wide library networks),^* in Title 116 of the Higher Education Act (which 
calls for support of research in 'library and information science ")■ m Title III of 
the Public Broadcasting Act of 1967 (which calls for the study of the role of 
television in information service), and in the Title IX amendment to the Higher 
Education Act (which explicitly calls for mechanized information networks 
including libianes) Each of these is administered by the Office of Education 
ER/C In addition to this context of direct support to mechanization in 
hbranes, the Office of Education is itself embarked on a major development, 
which includes mechanization as an integral part. Mainly through government 
fundmg.somucheducationalreseaichiscativcdon that It B necessary to control 
the reports and documents that result, so that their contents are accessible to 
educators, administrators, and teachers Since 1956, when the Cooperative 
Research Act was passed, the research funds available through OE alone have 
increased from 52 million to SlOO ttuUion annually To make these research 
findings available and useful, the Educational Resources Information Center 
(ERIC) was created in May 1964 ’ * 

“ Cuter Lsunor F , et il . A/alsonal Tnformatum Syttems for Scientific and Technical 
Jn/CT^fton XcwVoil; W iley (Infonnation Soencei Senes), 19g7 

Nyrtn. K E . -National Dtmenoon A Report on the Impact of Federal Aid to 
UbiaiKi.' Library Journal 92 (January 1. 1967). 64-71 

** "Text of the PresMent’i Remarks re the Library Services ind Construction Act of 
1966 Library of Congreis Informatton Bulletin. 2S (July 28, 1966), 449 

” Butchinil. Lee G , ERIC and the Need to Know. G?0, Washmgton, D C . 1967 
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ERIC, as a documentation and disicnunation system, is decentralized 
Oeannghouscs. acting as national centen on specinc topics, are established at 
univenitics and research institutions across the United States, their job is to 
collect and organize research results and related materials in their fields and to 
select, abstract, and index the most pertinent for inclusion in the national ERIC 
storage and retrieval system 

Documents and resumes are sent to a central computer center and converted 
to magnetic tape Monthly, all input documents from the clearinghouses arc 
merged into an author, subject, and sequential number index and published in a 
book catalog entitled, /?«carcli m Education.** 


The National Commission on Libraries 

The role of libraries today hat become so important that a presidential 
comrmssion-the National Advisory Commission on Libranes-was appointed in 
1966 The membership included Douglas M Knight (Chairman), Estelle 
Brodman, Frederick H BurkhardI, launot F Carter, Verner W Oapp, Carl 
Elliott, Alvm C Eurich, Mildred P Fraiey, Herman H Fussier, Mrs. Marian G 
Gallagher, Emerson Greenaway. Caryl P Ilaskins. WilLam N Hubbard, Dan M 
lacy, Mrs Merlin M Moore, Carl F J Ovethage, Harry N Ransom, Wilbur L 
Schramm, Mrs George Romney Wallace, and Stephen J Wnght They selected 
Melville J Ruggles, of the Council on library Resources, to serve as Executive 
Secretary 

With strong representation of computer oriented individuals on this commis- 
sion, It was not surprising that the Commission contracted for studies which 
emphasized mechanization For example, a report on Technology m Libranei 
was explicitly concerned with mechanization Another discussed the roles of 
industry as both a supplier of technology and a user of mechanized services 
As a result, although the effects of this advisoiy comimssion may not be really 
felt for several years, they are almost certain to include an increasing emphasis 
on mechanization in hbranes 

The results of the work of the commission were reported to the President in 
October, 1968 and have since been published*’ Among them was a recom- 
mendation that a permanent conunission be established This led to legislation 
proposed in 1969 and 1970 to do so** 

Research in Education, US Oflice of Education, Bureau of Research Monthly. 
November 1966- 

Technology m Libraries LosAngeles System Development Corporation. 1967 
Libraries and Industry Background Study for Use by the National Advisory 
Commission on Libraries, Programming Services, Inc , 1967 

** Knight, Douglas, and E Sbepley Noui* (eds). libraries at Large New York 
Bowker, 1969 

HR-8839 and SB-1S19 
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NATIONAL EFFORTS TO PRODUCE 

mechanized library resources 

Much, of the support for mechanijation in libraries has come from efforts by 
the federal government to meet the demands for scientific and technical 
information generated from a variety of developmental projects This hind of 
data has been very difficult for libraries to handle-highly techmcal reports, 
many of them of lirmted or dubious value, and that only for a short time For 
most hbranes, the costs of acquiring and cataloging this material far exceeded its 
value It was therefore necessary to provide nationally produced indexes for 
adequate bibhographic control 

Defense Documentation Center 

The Defense Documentation Center (DDO bad its beginnings after World 
War II when captured enemy documents were added to United States wartime 
research and development reports, and the Air Force and Navy jointly formed 
the Central Air Documents Office (CADO) to handle them In 1951 the Armed 
Services Technical Information Agency (ASTIA) was estabbshed to serve all 
three military departments and their contractors, consobdatmg CADO and the 
Library of Congress Navy Research Section. ASTIA was the primary center for 
Department of Defense generated reports until March 1963 when it was 
reconstituted as the Defense Document Onter for Scientific and Technical 
Information and transferred from Air Force operational control to the Defense 
Supply Agency 

Purposes. The baste purpose of DDC is the acquisition, storage, announce- 
ment, and dissemination of techmcal reports and documents generated by 
research, development, test, and evaluation (PDT&E) efforts sponsored by 
DOD Announcement of new reports, acquired by DDC, is made through the 
Technical Abstract Bulletin (TAB), which is now prepared from computer tapes 
for publication by a photocomposition process TAB is arranged by subject 
groups with subject and AD number indexes m each volume There are also 
indexes for access by coipoiate author, monitoring agency, subject, personal 
author, and contract 

Mechanization Experimentation with mechanization has been earned out at 
DDC since CADO first investigated vanous mechanized devices and then 
abandoned them as unfeasible at that time With increasing demands for service 
and growing numbers of reports, however, ASTIA was convinced that electronic 
storage and retrieval of mfoimation was necessary for continued efficiency of 
operations Vanous studies were made la the IBSO’s, mcludmg thaw by 
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Mortimci Taube of Documcnlation, Inc , whidi introduced the Uniterm System 
of Coordinate Indexing * * 

Based on those studies, automatic data processing equipment was introduced 
in three stages Stage one, operational in December 1959, provided punched card 
input and output, utilizing the Remmgton Rand Univac Solid State Computer 
(USS-90) Stage two added magnetic tape input and output Stage three added 
random access capability and a large scale computer, delivered in December 
1963 

Subicet ControL As the machine retnevai system was being developed for 
ASTIA, one of the major problems was subject control of its literature. For 
years, ASTlA documents had been given subject headings and, beginning jn 
1953, the Uniterm system was also used It was felt, however, that something 
different would have to be developed The ASTIA Machine Retrieval System 
(Project MARS) was iliereforc given the task of developing an authoritative list 
of retrieval terms for the information contained in its collection and assigning 
the retrieval terms A thesaurus of scienlific terms, based primarily on the 
ASTIA Sub/ect Headiiigt, was compiled and published * * 

This ASTIA thesaurus has been a tool in establishmg a scientific vocabulary 
for automation DDC was given responabiUty for compiling the TJiesaurut of 
Engmeenng and Scientific Termt (TEST), which is an interdisciplinary, 
interagency vocabulary of about 23,000 mam terms It is being prepared on 
computer tape, and DDC will be responsible for maintaining continued 
computer controls of the terminology 

National Aeronautics and Space Administration 

The National Aeronautics and Space Administration (NASA) was established 
■n 1958 as successor to the National Advisory Committee for Aeronautics It was 
Created to investigate and solve problems of fli^t withm and outside the earth’s 
atmosphere, and to develop, construct, lest, and operate aeronautical and space 
vehicles for research and exploration It is required to cooperate with the 
scientific community in using these vehicles for making observations and 
measurements and also to disseminate as widely as possible the information on 
space science and technology acquired in this program Accordingly, the 

*'Taubt, Motlimct, «t si, Studiet la Q> animate Indexing Washington, DC, 
Documentation Inc , 1953-1959 t^^cially vohunes 1 and 2 

Barden, William A , Lt Col Wilbam Hammond, and Heston 5 Heald,AufomolionD/ 
ASTI/i A Preliminary Report Arlington, Va , ASTIA, December 1959 

^’Hammond, Lt Col William, Pyobtttat of the ASTIA Automated Search end 
Retrieval Systems, Arlington, Va . ASTIA, lanuaiy 1961 

ASTIA Subject Headings, 4tb edition Arlington, Va .ASTIA, 1959 
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agency’s technical information program is dcsipied to encourage the broadest, 
most effective dissemination of scientific and technical information generated by 
the agency, and also to further the dutnbution of similar information from 
other sources 

As its publications increased at a fast pace, NASA realized that traditional 
methods of mformation storage and letneval would no longer suffice. They 
could not provide cunent aerospace infotmation to their own scientists and 
engineers, to the scientific community, to industry, to the academic world, and 
to the interested public without an intolerable time lag 

Mechanization. In 1962, NASA established a Scientific and Technical 
Information Facility at Bethesda, Md. Managed by Documentation, Inc , under 
the pohcy direction of NASA’s scientific and technical Information Division, it 
was the nation’s first computer-based aerospa<» Iibrary-mformation center. Its 
task is to acquire the world literature, to report on aerospace science and 
technology, to maintain effective bibliographic control of this collection, and to 
disseminate information to contribute to the progress of the aerospace effort, in 
particular, and the national technological development, in general. 

The Scientific Information System of NASA serves a complex of regional 
centers, NASA contracton, universilies and, to a lesser extent, users and centers 
outside the aerospace industry. In addition to filling the role of an mformation 
center, the NASA facUity has major functions in common with a conventional 
library In keeping with the NASA practice of decenuahzation, the search 
system is available for local reference service.* * 

The bibhogtaphic citations of reports follow the format recommended by 
COSATI** In the citation of each item is the code mdicating the subject 
category assigned to that document from the COSA77 Subiect Category List. 
These examples of standardized processuig are instances of compatible arrange- 
ments which assist the exchange of infoimation in readable form among 
government agencies 

Indexing and Abstracting Jountals The objective of providing rapid dissem- 
mation of research to users is met by the abstracting and indexing journals issued 
by NASA They are the published catalog of aerospace literature and provide 
cunent awareness as well as retrospective search service The semimonthJy 
publication. Scientific and Te^nual ^erospoce Reports (STAR),*’’ was 
prepared by Documentation, Inc (whidi subsequently became a division of 

How to Use HASA 'sScienlificiind Technical Information System Washmelon. D C , 
CPO. 1966 

“COSATI, Standards for Descnptae Cataloging of Government Scientific and 
Technical Reports Washington, D C, 1963 (Revised 1966) 

Scientific and Technical Aerospace Reports V I— Washington D C . National 
Aeronautics and Space Administration, Jamiacy 1963— 
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Leasco, Inc ), Intcmailona! Aerospace Abstracts OAA), prepared for NASA by 
the American Institute of Aeronautics, covers the published aerospace litera- 
ture** Copy for the abstract section of STAR is prepared by mechanized 
publishing methods using modified Rioton ei^uipment, the abstract section of 
lAA IS prepared by offset printing. The computer is programmed to manipulate 
the data for each item on the tape to produce tire indexes 

Air Force Materials Informatiori Centers 

The recent history of research and development in the Air Force particularly 
exemphfies the increasing volume of documentation As a specific example, 
among many, the Aeronautical Systems Division is responsible for generating, 
collecting, collating, and disseminating *Technical information related to the 
properties, characteristics, and application of materials “ Information centers 
have been established to assist m accomplishiog this mission They include 

Thermophysical Properties Research Center 

Purdue University 

Lafayette, Indiana 

Mechanical Properties Data Center 

Balfour Engineenng Company 

Suttons Bay, Michigan 

Electronic Properties Information Center 

Hughes Aircraft Company 

Culver City, California 

Defense Metals Information Center 

Batelle Memorial Institute 

Columbus. Ohio 

Each center has an information storage and retrieval system and provides 
research data, literature searches, and vanous publications In addition, the 
Aeronautical Systems Division itself publishes the monthly Materials Briefs, 
Abstracts of Materials Central Internal Research Programs, and other biblio- 
graphic tools*’ 

The function of information centers is vital in surfi a vast program of research 
ds the Air Force performs Duplication of work is costly and unnecessary, and 
only through a well-coordinated network of specialized information centers such 
as this can scientific information be efficiently utilized by all concerned This 

Internatioruil Aerospace Absiracti V I--- PhiLpsburg, NJ , Institute of the 
Aerospace Sciences, January 1969- 

*’ Materials Briefs, Abstracts of Matenab Cettral fisternal Research Programs. Aero- 
nautic Systems Division, USAF 
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has been illustrated m other mfonnation services and networks, and the method 
used to store and retrieve data has implications for effective library service of all 
kinds 

Clearinghouse for Federal, Scientific and Technical Information 

Public Uw 776, passed m 1950, called for the Secretary of Commerce to 
estabhsh a clearinghouse to make the results of technological research and 
development more readily available to business, industry, and the general public 
The Office of Technical Services (OTS) served as a cleannghouse for unclassified 
research reports from the Atomic Energy Conurussion, the Armed Services 
Technical Information Agency, and the National Aeronautics and Space 
Admmistration, and for technical translations. It provided various bibliographic 
and reference services in its endeavor to make the literature easily accessible, 
mdudmg major indexes, press releases, subject bibliographies, and a literature 
searching service It was manually handling machine-produced matenals from the 
contributory agencies 

However, lack of support for the program reslncted OTS staff and procedures 
in the face of a rapidly expanding number of reports to be handed Much 
discussion, from 1958 on, focused on (he problem of truly creatmg a national 
center (or scientific and technological wvformatton The Ctawfoid report (a task 
force study of government programs m science information),* ° the Weinberg 
report (the President’s science advisory committee),* ' and other such studies 
recommended a federal center for collection and dissemination of scientific and 
technical information with centralized bibbographic and search services.*’’*^ 
Fmally, m February 1964, COSATI recommended the estabhshment of a 
Oeannghouse for Federal Scientific and Technical Information ** 

The Qeannghouse that went into operation, as part of the Commerce 
Department ui January 1965,helps to create a more effective network of agency 
information systems by centrally collecting, processing, and disseinmatuig the 
documents It is expected to handle 95 to 100 percent of the unpublished 
government techmcal report literature (as compared to the 70 percent by the 

*®Cr>wtord, James H . Ji (Chairman), Saenti/tc end Technological Commuaicanom in 
Coremmeni Talk Force Report to the PretOent't Special for Science and 

Technology. Office of Science and Technology, Apnl 1962 

Weinberg, Atvm.Soencr.CciprrRinenr.and/n/omurion President’s Science Advisory 
Committee, January 10. 1963 

OiUn$,H lei).FederalDepartmentatLilmnet ASumnuryReportofaSurveyand 
148 1497"^*''*^ '"*'**'”*' ^’'*"*'t**-The Brookings InstituUon, 1963 (see, especially, pp 

COSl, Stjfui Report on Saenti^ and Technical Information in the Federal 
Cormmeni Committee on Soentaliclnronnation. June 18, 1963. 

Special Librirriel 56. January 1965. p S9(oe«i item) 
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OTS)’* I( publishes a governmeni-wide index to reports, in addition to the 
separate subject indexes such as Nuclear Science Abstracts.** * * It provides a 
source referral service and various reference services, including literature 
searching for selective bibliographies, information on unclassified projects 
currently underway, and technical translations 

Qosely associated with the Qeannghouse is the Slate Technical Services 
Program. * ’’ * * This act is designed to facilitate the transfer of scientific and 
technical information to Amcncan business and industry. An Office of State 
Technical Services was formed to maintain a central reference service utilizing 
the Gcaringhouse and other sources 


The National Library of Medicine 

The manual production of an index to medical literature began in 1880. The 
tremendous increase in published medical literature since that date, and the 
recent need for a mechanized system to handle this bterature, resulted in the 
Council on Library Resources awarding a two-year grant in 1961 fora study that 
led to the present MEDLARS system.***** 

The objectives of MEDLARS were to improve and enbrgc the index, to 
inaease indexing from about 2 to 10 headings per citation, to develop a system 
for special bibliographic requests, and to produce other publications similar to 
Index Medicui All of them have been accomplished. In addition to Index 
Medicus, special recurring bibliographies can be requested by organizations 
having a special biomedical interest These requests are run over MEDLARS 
tapes periodically, and have produced such publications as the Index to Dental 
Literature and International Nursing Index 

With the stimulus of the Medical Library Assistance Act, NLM greatly 
increased the scope of its service to the country** and of Us work on 

** Fry. Betjiiid M , •‘The Cleannshouse for FedetaJ Scientific and Technical Informa- 
tion." in Newman, Simon M (tihlaformalionSytlemiCompatibilitv Washington, D C 
Spartan, 1965, pp 35-43 

** Untied States Government Research and Development Reports (VSGRDR) 
Washington, D C Department of Commerce 

State Technical Services Act of 196S.Piibbc Law 89-182 
Fact Sheet, U S Department of Commace, Washington. D C , November 1965 
General Electric Co , Information Systems Operation, Final Technical Report for 
MEDLARS Preliminary Design Washington, DC Ceaetal Electric Co . 1962 

*" Austin. Charles J , “Data Processing Aspects nt liEDLAKS," Bulletin of the Medical 
Library Association, 52 (1964), pp 159-193 

*' Karel, L, Charles I Austin, sndMaitiaM Cummings, "Computerized Services for 
Biomedicine,” Science 148 (1965), pp 766-772 

Esterquest Ralph T . et al, "Regumal Pbns fo* Medical Library Service,” Medical 
Library Assocaiion Bulletin, 52 (July 1964), 497-523 
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mechanized information systems The “Lister Hiil Memona! Center for 
Bio-Medical Communications” is now the focal point for creation of a national 
system for health service information 


MARC (Machme Readable Catalog) 

MARC started m 1966 as an experiment, to determine if it is feasible to 
produce a standardized machine-readable catalog record that can be manipulated 
and reformatted m local installations to serve local practices and needs It was 
the seccmd phase of the far -Teaching Libriry of Congress Automation Program, 
initiated with the King Committee study on “Automation and the Library of 
Congress ” 

In response to i request from L. Quincy Mumford (the Libranan of 
Congress), the Council on Library Resources in 1961 supported a study The 
resultmg report, Automation end the Library of Congress, was pubbshed in 
1963 ’ It coveted the broad range of Library of Congress operations, and 

concluded that automation of many of the operations would be beneficial. 

Since an important function of the Library of Congress is the provision of 
cataloging data to other libraries throughout the United States, many of which 
are large research libraries that have already begun to experiment with 
mechanization and computers m their own operations, the Lbrary of Congress 
had to consider not only automation of its own internal functions but also how 
useful a distribution service of computerized bibliographical data might be to 
other libraries**'*’ 

Experimental Project To expenment with the feasibiLty of such centrabzed 
production of machine readable data, 16 bbranes were selected as participants in 
the MARC project Selected on the basis of expressed interest, computer faality, 
and availability of staff and funds, the participating libranes included Argonne 
National Laboratory, Argonne, Illinois, Uiuvcrsity of California, Los Angeles, 
University of Chicago, University of Florida, Gainesville, Georgia Institute of 
Technology, Atbnta, Harvard University, Indiana Univenity, Bloomington, 

‘^Davu, Ruth M, Relationship of Regional Networks to the NLM Biomedical 
Communication Network,” Bootmart ZSUanuary 1969), 109-113 

'■* king. Gilbert (ed ), Automttnm end Ok Library of Congress Ubrary of Congress, 
1963 

** Hayes, Robert M , Gilbert W King, and Ra^h H Parker, “Aufomalion and the 
Library of Congress Three Views.'' LihrorjiQuavreriy 34 ()uly 1964), pp 229-239 

Aviam, Hennelte D , and Barbara E. Maikuwn, "Ubiary Automation and Project 
la The Brasenose Confcrenee Oft the Automation of Libraries London Mansell, 

1966 

Markuson, Barbara E , "The Library of Ckwigress Automation Program A Progress 
Report to the Stockholders.MMRuifcruj 61(6)Uune 1967), pp 647-655 



National Efforts lo Produce Mechanized Library Resources 43 


University of Missouri, Columbia; Montgomery County, Maryland, School 
System, Nassau County Library System, Hempstead, New York, National 
Agricultural Library, Washington, DC ;U5 Army Missile Command, Redstone 
Arsenal, Huntsville, Alabama, Rice University, Houston, Texas, University of 
Toronto, Washington State Library, Olympia; and Yale University.** 

In the MARC project, the library of Congress converted records for selected 
current catalog entries (Engbsh language monographs and some serials) into 
machine-readable form and transmitted them, via magnetic tape reels, to 
participating libraries.** The tapes included complete bibliographic information 
for each work, an abbreviated author title record, and subject and desenptive 
cross references The participants used these recordsas input for local processing 
and experimentation to test this ccnirally prepared data for suitability m local 
use 


The MARC // Format As a result of the expciimentation, a revised format 
for machine readable cataloging data has been developed It is now accepted 
as the standard on which further development wiU be based, by both the 
American Standards Association and the Amencan Library Association. 

National Serials Data Pro/eci A second, parallel effort was then started to 
develop a consolidated record of senals holdings of the three national libraries 
which could also be used by other bbraties as the starting point for 
mechanization programs. By 1970, prebminaty, “MARC-compatible,” format 
had been developed and work was under way on implementation of a system as 
a joint effort of the Assoaation of Research Lbtanesand the National Libraries 
Task Force on Automation 


National Agricultural Library 

With the other great national libranes embarked on major mechanization 
efforts. It was natural for the National Agncultural Library to do so as we!! ’’ ' 
Fortunately, all three libraries have agreed to proceed m a cooperative 
development, with common standards 

** ALARC Pilot Proitct FindlKcporr, Wsdungton, D C, Libriiy of Congress, 1968 
Library of Congieii, Infonnatioo Systems Office. Af4RC Manuals Used by the 
Library of Congress Chicago, ALA Infonnation Science anC Automation Division, 1969 

Aviam, Hennelte D , et al , The MARC II Format Washington, D C Library of 
Congress, January 1968 

Mohihardt, Foster E , and Blanche L Otwen. “A National Network of Biological- 
Agiicultuial Libraries,” College and Rrteareh Libraries 28 (January 1967), pp 9-16 

Shachtman, Bella E, James P Riley, and Stephen R Salmon, “US National 
Libraries Task Force on Automation and Other Cooperative Services Progress Report No 
\ " Library of Congress Information Bulletin 26(Ncwembtr 30, 1967), pp 795-800 
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In 1967, NAL initiated a two^ear study of the requirements for a 
•'NAL-Land Grant Institution Information Network.” Within this general plan, 
mechanmtion occupies a cential position, mcludmg an automated "Pesticides 
Information Center,” mechanized production of the Bibliography of Agricul- 
ture,'’^ and general mechanization of NAL clerical processes 


Chemical Abstracts Service 

The Chemical Abstracts Service (CAS), with headquarteis m Columbus. 
Ohio, is a self-supporting branch of the American Chemical Society (ACS), 
dedicated to the collection and dissemination of the world’s chemical knowledge 
and is best known as producer ofCSem/co/ylbsmrc/r, the English language “Key 
to the World’s Chemical Literature ” CA first svas published in 1907 as virtually 
a one-man operation. By 1966, growing demand for C4 related services coupled 
with an explosive increase m the woild’s chemical literature, resulted in the 
establishment of the Chemical Abstracts Service as a formal division of the 
Amencan Chemical Society.’* 

The proliferation of new chemical knowledge is rapidly outpacing the 
capabilities of conventional uiformalion^andlmi and pubbshing techniques. 
Therefore, Chemical Abstracts Service, along with the entire ACS pubbcation 
program, is converting from a pubbshing absuacting-mdexing operation to s 
computer-based information system from which pubbcations will be derived as 
one form of output. The CAS pari of this shift will be completed by mid 1970 
This change in the basic method of operation at CAS was by no meant a 
sudden development In 19S9, CAS started research on applying modem data 
processing techniques to handle chemical uifortnation. Since its inception, this 
work has been partially supported by the National Science Foundation as part of 
a long teim government effort to develop a •amfied chemical information 
program’* In its later stages, additional support came from the National 
Institutes of Health, the Etepaitment of Defense, the Food and Drug 
Administration, and the National Library of Medicine 

Chemical Titles The eaiiiest result of this research was the introduction of 
Oiemical Titles (CT) m 1961 Another useful tool to emerge from the CAS 
research and development effort is the Otemcal Compound Registry, under 
development at CAS since 1961 wnth substantial financial support from the 
National Science Foundation and other government agenaes Techniques and 

Bi*lio|Mp/iyofrtgrKuJruf«,US Oep»rtra«ilof Apsculhiit, 1942- 
Bikei, Dale B , "Chemical Uteratnie Evpands," Chemical and Engineering 
XLIV (June 1966), 65 

’* Davenport. W C and 1 T DicUuun, "A Computer-based Composilion a( Chemical 
AiiWcttSemct." Journal of Chemical Doaimenuum. VI (November 1966), 221-225 

Park. M K The Chemical Compound Registry,” paper presented at a special 
conference on CAS Development Programs. Washington, D C , February 1. 1967 



Slate and Regional Library NeCwork Projects 4S 


pTogiams aie coinp\ete foi Ihe Tepstralion of fully defiTied tompourids In 1965, 
CAS began its first abstract journal produced with the aid of the computer, 
Chemical-Biological Activities (CBAC) CBAC is a prototype of a family of 
specialized services to be introduced over the next several years Polymer Science 
and Technology (POST), introduced in early 1967, extends this integrated 
search-awareness information-packaging concept to coverage of both papen and 
patents in the polymer field 

By the end of 1966, about SOOJXX) tilks processed for CT since 1961 plus 
about 24,000 whole digests processed for CBAC were in the machine- 
manipulablc data store Computers are also helping to speed preparation of CA 
indexes and to maintain document acquisition records. 

Magnetic Tape Distribution By 1970. CAS hopes to provide aunified system 
that will produce both a full, printed record of chemical and chemical 
engineering knowledge and a variety of timely, Specialized subj'ect-alerting 
services, including a mechanized search-and-retrieval system that is sufficiently 
fiexible to meet the varied needs of information users Perhaps the most 
significant step in this direction was the decision to distribute magnetic tapes to 
various centers which could then provide the mechanized retrieval services 
directly to their own constituencies Among the centen were one m England and 
one in Germany, as well as a number of universities in the United States ^ ^ 

STATE AND REGIONAL LIBRARY NETWORK PROJECTS 

Mechanization in libraries at the state and reponal level has received a major 
stimulus from the Library Services and Construction Act and particularly from 
the new Title III It provides for the establishment and maintenance of local, 
regional, state, or interstate cooperative networks of libraries Interlibrary 
cooperation is defined as the establishment and operation of systems or 
networks of bbraiies mcluding state, school, college and university, pubhc, and 
special libraries, working together to provide maximum effective service to all 
library users Such systems may be designed to serve a community, metropolitan 
area, region within a state, or a state-wide or multistate area 

The text of the President's remarks in signmg the bill leaves no doubt as to 
the direction m which he felt we should be moving “What part can libraries play 
in the Nation’s rapidly developing conunuiucation and exchange networks’ 
Computers and new information technology have brought us to the bnnk of 
dramatic changes in library techniques. As we face this mformation revolution, 
we want to be satisfied that our funds do not preserve library practices which are 
already obsolete 

” Assocmtion of Scientific Informatma Daummatton Centen, University of Georgia 
‘Text of the President’s Remaiki re the Library Services and Construction Act of 
1966," Library of Congress Information BuUetm 25 (July 28. 1966), 449 
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State of California 

The state of California has had a long histoiy of interlibrary cooperation A 
key element has been the state-wide union catalog In 1965 , the state library felt 
that the union catalog needed to be more widely distributed and that its own 
catalog, representing one of the primary mletlibraiy loan resources for the state, 
needed consobdation This led to initiation of a study, by the Institute o 
Library Research of the Uruvcrsity of California, of the implications o 
book-form pubheabon of these two catalogs ” 

The study concluded that a computer-based system for producing book 
catalogs would not only be economic, in itself, but would rnake possible 
multiple uses of the resulting machine language catalog data In particular, with 
the availability of machine-readable data from the California Union Catalog as 
well as from national sources, it would be economically possible to produce 
subcatalogs of the holdingsof any group of libraries m the state It was therefore 
recommended that the services of the existing Stale Library Processing Center 
be expanded to Include facdities for mechanized book catalog production, 
as a service to library systems of the state as well as to the state library 
Itself * “ 

A related development arose as a response to the opportunity provided by the 
State Technical Services Act With the view that the public library systems was 
an appropriate means to provide improved information services to business and 
industry, the state library initiated a pilot project to demonstrate what could be 
done through a cooperative network In parallel with that, the Institute of 
Ubiaiy Research developed a program for introducing mechanization ss part of 
public library service * ‘ 

State of Washington 

The state of Washington also has a long history of state-wide library 
cooperation Futhermore, it has a great deal of experience with mechanized 
production of book catalogs as an aid to that cooperation In particular, the 
Timberland Library Demonstration Project was begun m 1963 as a cooperative 
library system sponsored by the Washington SUte Library under the Library 

” Shoffner, Ralph M . and Kelley Cutwneht. Cetalogs in Book Form A Research 
StuJv of then- ImpUcQtions for the Cahfomte State Library and the Caltfornm Union 
Catalog icith a Design for their Impfemerilahan Berkeley, Califomu InUituto of Library 
ROKUch. University of Califomn, January 1967 

Sherman. Don. and Ralph M SiolTncr, Gsli/ornia Stale Library Froeesstng Center 
Design and Specifications Berkeley Instilutcof Library Research University of California. 
April 1969 

*' hlechanaedlnformalionServicesinCabfomiePublicLlhrarieS LosAngcks [nstituti, 
of Library Research. Univctsity «»f&lifonitt, January 1968 
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Services and Conslniction Act * * The first undertaking was the compiling of a 
union catalog Tlic objective was to list. ui as complete bibliographical form as 
was financially possible, the total holdings of the existing collections of seven 
libraries (about 100.000 volumes) The book catalog was to be available m every 
outlet in the demonstration area, and svas to be kept up to date by monthly 
cumulative supplements and an annual cumubted edition Initially produced by 
using punched cards and a tabulator, it is now produced by a computer print-out 
from which a photo-reduced master « made for publication The book catalog 
has proved economical and is particularly useful in a large system with many 
libraries, as a tool for interlibrary loan among them. 

Washington State bbrary now has the facilities to provide book catalogs for 
other library systems in the state Because of this, Waslungton Stale library svaj 
one of the 1 6 participants in the library of Congress MARC program, using the 
tapes in their catalog production system** 

The approach of using a mechanized processing center at the State Library, as 
an agency for production of aialogs for groups of libraries, has been 
incorporated withm a general plan for a state-wide Ibrary network.** Other 
forms of mechanization are also included, with an automated directory-switch- 
ing center providing facilities for rapid communication 


New York State 

New York state has been pioneering m development of a state-wide library 
network, to provide improved service to all library users In 1958, for example, 
the State Library installed teletype e<]uipment to facilitate communication 
between it and other libraries throughout the state As of 1964, 17 public 
library centers had the necessary machinery to take advantage of this 
Operation * * 

In 1960, the New York State Committee on Reference and Research Library 
Resources started to study reference servic^ of an advanced nature across the 
state Its report stressed that the library need* of research and higher education 
should be met by a single coordinated program that includes all types of 
libraries— academic, special, and public 

The resulting library program in New York became known as the “three R's” 

Cline, Calhcnne, "Proecdurej for Developing Tiinbe|ljnd s Book Catalog.” PNLA 
Quanerty. 28 (January 1964). 128 132. 136 

MARC Pilot Project /•, no/ Re/wrf. Wadiington. DC. Ubrary of Congress, 1968, pp 
149 165 

** Becker, Joseph, and Robert M Itoyei, 4 iVopored Library Network for Washington 
State. September 1967 

** Hayes. O R . "Improvid TWX Strengthens New Yorit’s inlerlibraiy Loan Network,” 
Bookmark, 25, November 1965, pp 51-55 
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(Reference and Research Resources)** Its purpose was “to provide improved 
access to advanced reference and research Ubraty materials to serious library 
users ” Several studies were subsequently made including the Pilot Facsimile 
Transmission Project®'’ This 6-nK»nth piogtam began in January 1967 and 
allowed 12 major library systems (public and university in addition to the state 
library) to draw upon each other’s lesooices without the usual delays of 
interlibrary loan Facsimile transmitters and/or receivers, connected by special 
telephone lines, were located m cadi of the 12 libraries The idea was that a 
scholar at any library in the state could request material not available locally 
Another part of the three R’s program, of particular interest here, involved the 
“automation of the state Ubiaiy’s serial holdings as the basis of a statewide 
union list of serials ” 

Another program m New York involved linking together of state medical 
libraries by computer** Eventually it is hoped to mclude librancs of all the 
campuses of the State University of New York The project mcludes the creation 
of a centralized catalog to be put in machine readable form, with periodic 
printouts, subject searches, and selective dissemination of mformation. 

ANYLTS. Several studies and recommendations for centralized processing led 
to the creation of a nonprofit cotpontvon, ASYLTS, for providing such 
services*’ 


UNIVERSITY RESEARCH LIBRARY PROJECTS 

University bbraiies have been at the forefront of the development of 
mechaidzation The following projects ate representative, not comprehensive, 
chosen because they were either very early efforts or especially forward looking 

Individual Urdvenities 

Washm$ton University of St Louis Starting in 1963. Washington University 
School of Medicine Library experimented wth computer-based senal control,’® 

** Slewarl, Robert P . "Regions) Relerence Services New York The System Frame- 
work," Library Journal, 89 (8) (April 15, 19M) 

Nelson Assocutes The A’ew York Swte tlirary's Pilot Propam In the facsimile 
rmnimistion of Library Maleruls, New York, Jane 1968 

’*Poer. Irwin. The State Univetsity of New Yotk Computerized Biomedical Informa- 
tion System." in The pmsenose Cbnferenee on the Autoimtion of Libraries London 
ManseU, I967.pp 151-162 ’ 

193 197°'’”*”"' ^ Repotlt Progress, " Bookmark. 37 (Fetmiary 1968), 

Peer, Irwin H . Donald R, Fitnz. and Eiletle Brodman, "Mechanization of Library 
Pioceduresin thebtedmm-Sized kledicallJbraiy 1 The Serial Record," Buffe/in o//fe*rtf 
Library Association. St duly 1963). 33417 
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a punched-catd CHCulatJon iysUirv,** and an acquisiUons-catalogtng system” 
The machine methods are now operational and are routinely used in its library 
operations 

Ontario The "Ontario New Universities Library Project" was established m 
1963 to compile, by 1967, a catalog of the college library collections for five new 
Ontario universities.*^' ** The first issues of the ONULP book catalog were 
produced in 1964. Computer'produccd and computer-maintained catalog data 
are designed to provide author-btle union catalogs for the five libraries, and 
individual shelf lists The catalogs appear monthly, with quarterly, semiannual, 
and annual cumulations. The record is used to assist other library procedures, 
apart from catalog production mechanization of acquisition procedures, 
systematic analysis of the collection, computation of required stack space, 
circulation control, and bibliographic Infotmation for retneral 

Umverzity of ^fiKoiiri The University of Missouri Library, under the 
leadership of Ralph Parker, initialed an evolutionary approach to an integrated 
automated record system Ralph Parker has pioneered m the study of machine 
applications to libraries since 1930** At the University of Missouri Library, Mr 
Parker forecasts a gradual change from punched card to a computer system 
"This conversion," said Parker, “wiU not be a radical change . Punched cards 
will continue to be used since they are the pnmary form of data input for 
a computer system ”** 

Florida A tlantic Umventry Flonda Atlantic University was a new library that 
attempted to use advanced data processing technology from its inception ** 
Work on the computer based system began in 1964 The intent was to use 
machines to facilitate library clerical functions in the areas of acquisition, 
cataloging, and circulation The experience was not satisfactory, but it is an 

Pizet. Irwin H, Isabelle T Anderson, and Estelle Bnxlman, "Mechanization of 
Library Procedures m the Medium-Sued MedKil Library 11 Circulation Control." Bunetm 
of Medical Library Atsociation, SI (April 1964). J70ff 

Brodman, Estelle, and Geraldine Cohen, "Change in Acc)uisitions-CataIoging 
Methods asWUSLML.” Bulletin of Medical Library Anoctalton, 54 (tuly 1966), 2S9ff 

Bregzis, Ritvars, "Ontario New Unneisities Library Project, An Automated Biblio- 
graphic Data Control System.” College and Rejearch Libraries, 2B (November 1965), 
495-508 

Merry, Susan A , "The Ontario New Univeraties Library Pioject-A Centralized 
Processing Experiment Completed," College and Research Libraries. 29 (March 1968), 
104-108 

Parker. Ralph, Library Applications of Punched Cards ALA, 1952 

Parker, Ralph, "Not a Shared System an Account of a Computer Operation Designed 
Specifically and Solely for Use at the Univeruty of Missouri,” Library Journal, 92 
(November I, 1967), 3967-3970 

Heiliger, Edward, "Use of a Computer at Florida Atlantic University Library for 
Mechanized Catalog Production,” IBM Lshrary Mechanization Symposium 1964, pp 
165 186 
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instructive demonstration that an efficient library is an essential prerequisite to 
an effective use of mechanization 

Harvard Widener Ubtary, which » the main branch of the Harvard research 
libraries, is an old, very large (about 1 6 million titles) library, with catalog 
records m more or less conventional format In 1964. it was evident that the 
shelflist was in the poorest condilitg of any of the library’s major records It had 
been compiled in large, loose-leaf form, with whole pages often requiring 
transcription in order to integrate new numbers Conversion to machine language 
was therefore undertaken in 1964, under the direction of Richard pe Cennaro, 
both to improve the existing situation and to make possible new approaches to 
the material 

YaU Yale University took a somewhat different approach to mechanization 
Starting with the acquisition procedures at the Yale Medical Library, under the 
direction of Fred Kilgour, they expeiimented in 1963 with the use of 
machine-based cataloging data'*” An experimental project was inaugurated, 
involving Yale, Harvard, and Columbia in a sharing of cataloging data However, 
the project was in advance of the technological capabilities (and perhaps the 
willingness of people to cooperate) at the time 

Chicago Another automation project, financed in part by the National 
Science Foundation, was started in 1966 at the Univensty of diicago Library, 
under the direction of Dr Herman H Fussier The system developed 

there uses on-line storage of full bibliographical data available for many different 
library purposes, including catalog card printing, production of acquisition 
orders, maintenance of business records, maintenance of cuculation records, and 
searching of catalog data later development of the system would permit 

V* De Gennaio, Richard, “A Computer Produced Shelf Liit ” College and Research 
Libraries. 26 (July 1965) 311-315, 353 

” Palmer, FaUet M . "CoMeision of Euttu^ Records in Large Libtuies, wuh Special 
Reference to the Widener Utnary StiellUjt.” in TTie Bresenose Conference on the 
Automation of Libraries London Mansell, 1967. pp 57-77 

■ De Cennaro. Richard, “A Strategy for the Conversion of Research Library Catalogs 
lo Machine Readable Form.” College end Resnrch Libmnet 28 (July 1967), 253-257 

Kilgour, Fred C, "BasK Systems Assumptions of the Columbia Harvard-Vale 
Medical Libraries Computerization Proiect." m IMnersity of Minnesota Institute on 
Information Retneral, 2963, Umversitypf Minnesota, 1966, 14S-154 

102 pjyne^ Charles T , "An Intepated Computer-Based Bibliographic Data System fora 
Large University Library Problems and PlOEress at the University of Chicago," in Clime on 
Library Applications of Data Procesaslg Vnrremsy of Illinois, Sth, 1967, Proceedings 
Urbana University of Illinois. 1967 

Fussier, Herman H , and Chiles T Payne, Development of an Integrated. 
Computer based Bibliographical Dabs System fisr a Large Umveraty Library. Annual 
Reports 1966-1968 Chicago Unrversity of Chicago Library. 1967, 1968 
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simultaneous use of the computer by remote terminal equipment Tlic project 
started with identification of the baste data required by the library for its own 
operation and service to readers 

Similar projects were started at Stanford University and Columbia University 
in 1967 Under funding from the National Science Foundation and the Office of 
Education, the intent is also to create an integrated on line library system 

INTREX 

The university library of the late 20th century will be greatly inlluenccd by 
the patient research being undertaken at Massachusetts Institute of Technology 
under Project INTREX INTREX is an aaonym for Information Transfer 
Experiments and represents a mullinuUion dolbr research program aimed at 
developing new methods of information handling for university libraries. 

Summer Study A five-week program to outline a plan for this research was 
held on August 2 to September 3. 1965. at the Summer Studies' Center of the 
National Academy of lienee at Woods Hole, Mass Thirty-five full time and 
part-time participants and 41 visitors attended, including authorities from the 
fields of library science, engineering, computer technology, linguistics, publish- 
ing. education, government, and industry Carl F J Overhage, professor of 
engineering at MIT anddirector of Project INTREX, served aschairman of the 
conference Preluiunary working papers for consideration and debate by all the 
participants were prepared, principally by a small planning group composed of 
the MIT INTREX staff, Herman H. Fussier of the University of Qiicago, 
Hermann Henklc of the John Crerar Library, Chicago, J C R LicklidcroflBM, 
Stephen A McCarthy of Cornell Univeisity. and Foster E Mohrhardi of the 
National Agricultural Library •‘**-'®* 

Ob/ectives of INTREX The ideas behind INTREX reflect the earlier work of 
Vannevar Bush and later research of J C R Lickhder into future applications of 
advanced data processing technology to library systems design The objective is 
“to provide a design for evolution of a large university library into a new 
infoimalion transfer system that could become operational in the decade 
beginning in 1970 " Such a system could become a reality with the realization of 
three aims "(1) The modemizalion of current library procedures through the 
application of technical advances m data processing, textual storage, and 
reproduction. (2) the growth, largely under federal sponsorship, of a national 

Overhage, Carl F J , and R Joyce Harmon (edr), INTREX The Report of a 
Planning Conference on Information Tramfer Exp^matt Cambridge, Mass MIT Press, 
1965 

Shera Jesse H , ‘'Librarian’s Pogwash, or INTREX on the Cape.” Wilson Library 
Bulletin, 40 (December 1965). 359-362 
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network of libraries and other infonnation centers, and (3) the extension of the 
rapidly developing technology of on4me. interactive computer communities in 
the domains of the library and other infonnation centen.” 

Progress. Expenmentmg with real hbrary users in actual working situations in 
M I.T ’s Engineermg Dbrary, Prefect INTREX has made progress in the 
followmg promising technolopes, “graphic storage of full text m microfilm or 
other reduced format, automatic selection through a tune-shared computer 
utihty, transmission of a scanned-image electncal signal over a commumcation 
network, and display and/or reproduction in full size or microform for 
temporary and/or permanent retention by the user, digital storage of encoded 
full-text in massive random-access storage, selection and transmission through a 
lime-shared computer system, display and/or reproduction for user through 
remote computer terminals.”'*** 


Cooperative Processing Center for College and 
University Libraries in Colorado 

The University of Colorado hbianes received a grant in March 1967 from the 
National Science Foundation to initiate a study of the development of a 
cooperauve book processing center to serve all pubbely supported Colorado 
college and univetsity bbtanes The objective of the study was to determine 
whether a centralized ptocessmg center for all Colorado academic libraries 
would improve the dissemination ofmatenals to users throughout the state, and 
to determine the feasibihty and desirabdity for such a center to store the data it 
acquires through proassing so that the center would also be used as the hub of a 
state or regional bibliognphical network The information would also be made 
available to scientists and engineers in the area 

The study attempted to answer the following quesUons Would a centra! 
a^ncy be able to make mateiuls available more rapidly and at a lower umt cost 
than under present processmg procedures'^ Are the needs of the participatmg 
institutions compatible to a sin^c system’ Would the range of services requested 
by scientists and engineers be served best by a single system, or would they 
requue additional subsystems’ The project also investigated issues of compatibil- 
ity among local and national systems m order to ensure that procedures and 
TOthods used would accommodate bibUographic data suppLed by the Library of 
Congress and sources of scientific bibliographic data 

1, 5 SeptimbcO, 

orCMond. Ub„„,^ MM "" 
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Ohio Cooperaihe College Program 

A somewhat similar project was initbted in 1967 in the state of Ohio, when 
Fred Kilgour took over direction of the Ohio Cooperative College Program, to 
CTeate a shared file of on-line cataloging data ' *• 


University of California Task Force Project 

In I96S the Institute of Library Research of the University of California 
started its Task Force Project to attack the pressing operational problems of the 
libraries of the nine campuses of the University of California Its work since then 
has encompassed a variety of mechanization issues 

One major emphasis has been on coordination of the efforts, on each of the 
nine campuses, toward development of mechanized systems*®* Each campus 
was assigned responsibility for specification of one or another module in a total 
library system The Task Force Project has served as a coordinating agency, to 
assure that the specifications met the needs of all campuses and that the modules 
would be mutually compatible " * 

A second major emphasis has been on efforts which, by their nature, were 
multicampus efforts For example, the University of California plans to produce 
a supplement to the existing book atalr^ of the holdings on the Berkeley and 
Los Angeles campuses The Task Force Project has had responsibility for 
evaluating the most effective means of doing so. including the use of computers 
Another project has been an evaluation of facsimile transmission among 
campuses (mcludmg both Magnafax and Long Distance Xerography) " * A third 

‘®* Kilgcut, Frederick G , ' Retrieval of Single Entries from a Compulenaed Library 
Catalog File," in Information Transfer. Ametnan Society for Information Science New 
York Greenwood, 1968, pp 133-136 

' itayes, Robert M , and Ralph M Shoffnei, Mecksnizetion In the Libraries of the 
t/niversiiy of Californio Los Angeks Institute of Library Research, University of 
California. October 1969 

Shoffner, Ralph M Technical Derelopmeni Program A Program Requirement for 
the Joint Design and Implementoiion of Library Systems Berkeley, California Instituto of 
Library Research, University of Califomia, Febniaiy 1967 

‘ ' ' Shoffner, Ralph M , Report of Actmnes end Plan for Future Operations, Institute 
of Library Research Operations Task Force Berkeley, California Institute of Library 
Research, University of California, March 1967 

' Shoffner, Ralph M , Operations Task Force Protect Status Report and Budget 
Request. Including a Preliminary Projectmet of Computer Based Library Systems Develop- 
ment for the University Berkeley, California Institute of Library Research. University of 
California, June 1967 

‘ ‘ ^ SchKber. Wilbam D , and Ralph M Shoffner, refe/bcriini/e in Libraries A Report of 
an Experiment in Facsimile TransmissuHi end an Analysis, Berkeley, Institute of Library 
Research, 1967 
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project has been an evabation of altematwc inethods fot inteicampus 
circulation of matena! ‘ ' * 


EDUCOM 

Probably the most comprehensive project for mechanization among univer- 
sities IS EDUCXDM, a consortium of more than 90 major colleges and universities 
throughout the United States The major effort is to create an interumversity 
communication net'Kork, which would provide facilities for transmission of data 
in a variety of forms, including facsimile and digital (from computer to 
computer) 

As one step toward this aim, a Sommer Study was held at Boulder, Colorado 
for four weeks, in July 1966. It clarified the present status of such networks, 
defined the information resources available, and outlined the apphcations to be 
served * * * 

EDUCOM has also consideied specific types of information networks In 
particular. It has had responsibilily for study of the national medical information 
network for the National Library of Medicine and a comparable study for the 
National Agricultural Library 


INDIVIDUAL LIBRARY DEVELOPMENTS 

A report, published in October 1966, on The Use of Data Processitig 
Equipment by Libraries and Information Centers was over 160 pages long ’ 

Of 1 130 libraries included in the survey, over 50 percent reported using some 
form of data processing equipment and over 80 percent planned to do so in the 
future Adnuttedly, the definition of “data ptocessing equipment" was made so 
broad that it would be difficult for any hbrary to avoid planrung to use it 
However, the results clearly demonstrate the extent to which mechanization is 
coming to libraries 

Information Science and Automation Division. The extent of involvement of 
librarians in mechanization may be even better represented by the formation of 
the Information Science and Automation Division of the Amencan Library 

' * Shoffner, Ralph M , Inltrim Keport Inlercampui CVculafion-ft/of Project Phase 
1. Biology Librory. Vniyersity of Qlifeema Berkeley August t5 October 31. 1966, 
Berkeley, Institute of Library RcKatcb.ltaivmity of California, February 1967 

* ** Broun, George W . et tL, Edanet Report on the Summer Study on Information 
Nety^orks. New York Wiley. 1967 

The Use of Data Frocesung CTcuqMient by Libnnts end Information Cenltrs New 
York Ocative Research Services Inc. 1966 
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Association. From its inception m 1965, it has had a phenomenal growth in 
membership The journal It publishes « now one of the primary sources of 
information on library mechanization 


GENERAL OBSERVATIONS 

Reviewing all of the individual projects described above, there are some 
general observations that should be made In a sense, they are a highly subjective 
evaluation, which we have arrived at after careful examination of the progress 
achieved to date in library mechanization projects 

1 Almost universally, library mechanization projects have started out with 
overly ambitious aims For example, instead of aiming for a step-by-step pro- 
gression (from existing nunuat operations to relatively well-established punched 
card procedures to small-scale ''hatch” computer systems to the "integrated 
on-line” computer system), several projects have aimed at a complete conversion 
to a total, integrated, on-tine library system. Such a revolutionary change, of 
course, can be accomplished In fact, in another context, Cunnar Myrdal has 
claimed that "often it is not more difficutt, but easier, to cause a big change 
rapidly than a small change gradually””* This view is consistent with the 
attitude, represented m many of the projects, that anything less than the 
ultimate system would not be a satisfactory answer to library needs. Our view, 
however, is quite the opposite Not only are less ambitious systems likely to be 
adequate answers to library needs but they are absolutely necessary stages in the 
development of the more sophisticated ones. 

2 Almost universally, the development schedules oflibrary mechanization 
projects have depended on overly optimistic rates of progress, rates that simply 
were not met This results partly from the preconception, in the minds of data 
processing specialists, that libraries represent really quite tnvial problems to 
which existing methods should provide ready solution. In part, it is a result of 
the real difficulties represented by the overly ambitious aims which, in many 
cases, have required development of new hardware (such as multifont printers) 
and new software (such as information letneval packages) And in part, it is the 
result of the necessanly slow process of educating the personnel of the bbranes 
themselves 

3 Almost universally, Lbrary mechanization projects have reported overly 
inflated claims of success, not for the purpose of deluding others, but simply 

* Journal of Library Automaliort, Chicago. ALA Information Science and Automa- 
tion Division, 1968- 

Myidal, Ourmai, Asian Drama New York Pantheon (Random House.), 1968, V 1, 

p US 
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because plans are descnbed as thou^ they were already realized The readers of 
those reports should therefore be very careful m their evaluation of what may be 
merely hopes or speculations and what may be reality. 

4 Fmally, a large number of these projects have depended on the 
availability of external funds, espeaally from vanous federal programs Their 
economic viability therefore did not need to include consideration of the 
amortization of capital mvestment required for development Of course, the 
result of this federal support is that a base of knowledge and cxpenence has been 
created from which the library conurainity in general will gam measurable 
benefit -provided that it builds upcm the work done to date Thus it is especially 
important that bbranes contemplatmg the utroduction of mechanization avoid 
duplicating the developmental work already done, by accepting the standards 
and packaged programs that it has produced 

This last point deserves emphasis as a result of the developmental stages 
through which mechanization in hbranes has been progressing, certain generally 
accepted standards have been produced-standards for catalog data, such as the 
MARC II format, standards for procedural organization; even standards for 
computer programs These should represent the startmg point for any library 
planning a mechanization project, and should be departed ftom only because of 
vitally important local considerations The “not-invented-here” syndrome should 
be carefully avoided 


Suggested Readings 

Among the references cited in this chapter are a few that are especially worth 
reading for background 

Brown, George W , et al , Edunrt Report on the Summer Study of Information 
Networks New York Wiley, 1967 

This reports the first major effort by Educom to define the lequuements and 
development program for inter-universtty communication networks, linking 
computers, libraries, and university instruction together 

Carter, Uunor F , et al, National Information Systems for Scientific and 
Technical Information New York Wiley. 1967 

This presents the substance of a study, undertaken by System Development 
Corporation for COSATI, the purpose of which was to evaluate alternative 
strategies by which the Federal Government could adrmnister its large-scale 
programs for scientific and technical information 
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Thu reports the set of papen presented at a conference held at Oxford, 
under the chairmanship of Sir Frank Franas and sponsored by the Old Dominion 
Foundation of New York, from June 30 to July 3, 1966 

King, Gilbert W , Automation and the Library of Congresi Washington, DC 
Library of Congress, 1963 

Knight, Douglas, and C Sheptey Noutse (cds ), Libraries at Large New York 
Bowker, 1969 

Lickbder, J C R , IffcMriei o/ the Fbfufe. Cambridge, Mass MlTPress, 1963. 
Ovcrhage, Carl F J . and R Joyce Harmon (eds ). INTREX The Report of a 
Pianmng Conference on Information Ti'anifer Experiments Cambridge, 
Mass MIT Press, 1965 

This presents the starting point for the INTREX project at MIT, which has 
been carefully exploring many of the problems in mechanizing the information 
processes of the library 

Weinberg, Alvin, Science. Government, and Information, President’s Science 
Advisory Committee, 1963 



Chapter 3 

SCIENTIFIC MANAGEMENT OF 
LIBRARIES 


Louis D Btandeis was probably the fitst so make the phnse “scientific 
management'’ publicly known when, in October 1910, he used it to describe 
the application of scientific methods to management issues ’ Since then, it has 
been a continuing theme of modem management, gaining acceptance in an 
increasing variety of management tasks 

“Scientific management” has been defined as an attitude of mind, a belief 
that the use of the scientific method-wiih its emphasis on definition of basic 
assumptions, measurement, expenmentalion, quantified evaluation, and 
repeated reexanimation of assumptions and results— can produce better manage- 
ment than blmd acceptance of existing practice or the choice of alternatives by 
mtuition It IS debatable whether the underlying belief in the power of scientific 
method IS vaLd. There are just too many issues m the management of large 
organizations, including Uhrancs, which are not amenable to measurement or 
experimentation, at least in operational management But there is Lttle question 
about Its value as an aid to management 

The time seems long overdue for scientific management to have become an 
integral part of library management, whether mechanization is an issue or 


not But It 


espeaaUy important to any library that is considermg the 


' Brindeis, Louis, ‘Economiej ihiongh Soentinc Muiagement," m Evidence Mken by 
the fntentate Commerce Commusian in the Matter of Proposed Adeences in Freight Rates 
byCamen AugutI to December 1910 VoLS.pp 4756-4803 

* Coney, Donald, "Management u> CoUeae and Rewaich Libtaiies," Library Trends. 1 
(Julyl.l9S2).91 
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development of mechanized systems This chaplet, therefore, reviews the 
historical background of scientific tnanagcmcnt and the present status of its 
apphcabihty to various issues m librancs **’ 


HISTORICAL BACKGROUND 

Scientiric management developed at the beginning of this century, as the size 
of industnal organizations became so great that management was no longer able 
to maintain the day-to-day knowledge of operations necessary for direct, 
intuitive control It became clear that objective, quantified standards of 
performance were needed 

Time and Motion Studies 

Since the giant organizations of that era were manufacturing companies, it 
was natural that scientific management originated with the study of the 
production rates to be expected from iiunufactunog employees The man 
generally regarded as the father of scientific management, Fredenck W Taylor, 
developed the early methods of “time and motion study” for measurement of 
industrial production His book became the bible of the field ' Subsequently, 
other individuals (notably Frank and bllian Cilbrelh, with their definitions of 
"therbligs” as component “motions” m manufacturing operation) refined and 
extended Taylor's methods Today, time and motion study is an integral part of 
the kit of tools of the “industrial enpneer” m his solution of specific problems 
in industrial management.’ 

Project Management 

But “time and motion studies" only measure the performance of the 
mdividual worker Methods were also needed for measurement and control of 

^ Library Tnnds, 1 (Iinuary 1954) Articles by Everett W McDiumid, Herbert 
Goldhor, Lewrence J Kipp, Richard H Logsdon, LuciUe M Morsth, and John II 
OttemiUer elal 

■* Biehl, W J , “Libraries Need Good Management," Library Quarterly, December 20, 
1962. pp 317-319 

^ Lamkm, B E , "Decision Making Toob for Improved Library Operations," Special 
Libraries 56 (November 1965), 642-646 

*L3den.H N , and T R G'idetiiecn, Syllem Detign for Compuirr Applications New 
YotV Wiley, 1963 

^ Joslm, Edward O .Computer Selection Reading, Mass Addison-Wesley, 1968 

* Taylor, Frederick W , Principlet and Methods of Scienti/tc Management New York 
Harper, 1911 

’ Barnes, Ralph M . Motion and Tune Study t}estgn and Measurement of Work, Sth ed 
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the management process itself-assignment of personnel, scheduling, and cost 
control, for instance-and they too were developed Henry L Gantt, dunngthe 
penod from 191 1 to 1919, defined the precursors of almost every modem tool 
for “project management His diaitmg techniques— called Gantt charts— 
provide the means of relating components, personnel, and machinery in an 
organiaation with the tasks assigned to them over time. Requirements, 
assignments, costs, and schedules arc pictured in a form that is easy to visualize, 
management performance can be easJy measured by comparison of actual 
production or expenditures with scheduled ones, problem areas can be readily 
pinpointed for management attention ftesent-day refinements of Gantt's 
onginal concept include PERT (Program Evaluation and Review Technique), 
CPM (Critical Path Method), and LOB (Line of Balance) techniques ' ' They 
expand the capabilities of Gantt charts to show interrelationships among tasks 
(particularly, time dependencies), the ability to reflect uncertainties in schedules 
or costs, and the ability to predict problem areas S 3 *? j ^ 


Cost Accounting 

These methods of management required the development of comparable 
methods for accounting and reporting, so that the actual status of progress and 
costs could be monitored As a tool of scientific management, accounting is 
actually the most histone, dating from at least the renaissance It was regarded 
so highly at the time that “double entry bookkeeping" was a trade secret of the 
Florentine merchants using it ' * As modern scientific management grew, 
however, it was apparent that adequate control required far more detailed cost 
data than existing budgetary accounting provided This led to the development 
(by about 1910) of “cost accounting systems,” which related costs to 
work performed These are now an essential part of modem mdustnal 
management ' ^ 


Systems and Procedures 


As a result, whether “scientific management" was involved or not, there was a 
concomitant increase in the amount of paper work needed, to the point where it 

Rathe, Alex(ed ),Cc/)>r on Umagfrnml. Amencan Management AssociaUon, 1961 
Archibald. Russell, and R I_ Villom, Wefwoft fieied Afanawment Systems 
(PERTfCPM) New Yoik Wiley. 1967 

* FacioU, Luca. Ancient Dnubk Enby Bookkeeping,” in Vie World of 
Butintft. ediUd by t. C Bursk el al New Y«k Simon and Schuster. 1962 Vol 1 

‘ ^ Cillctpie, G . Accounting Synemt fmctdum and Mtthodi. Englewood Cliffs. N J • 
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became a management problem in itself By the I930's and 1940’s the problem 
of paper work had become so preal that a branch of scientific management- 
"systems and procedures”- was created to solve it Tlie concern is with 
analysis of the process of information flow within an organiiation, with design 
of appropriate forms and procedures for facilitating the information flow, with 
management of the resulting reports and records, with measurement of the 
effectiveness of clerical work involved, and with design and evaluation of 
equipment systems for handling the clencal work The growth in the number 
and variety of devices for "business data proccssmg”-accounting machines, 
punched card equipment, computers-is a direct result of the need for systems 
and procedures to handle the “paper-work explosion " There has been a 
corresponding growth in the body of techniques available for systems and 
procedures work- flow charting, functional analysis, methods analysis, standards 
for forms design, and computer programming software 


Management Information Systems 

Recently, the use of the computer has introduced a new approach to systems 
and procedures called "total management information systems '' Specifically, the 
combination of modem communications with the computet allows the 
integration of administrative information to an extent previously impossible As 
a result, data about an organization can easily be acquired, stored, processed, 
and used for management control Ewn more important are the implications for 
scientific management. Whereas, before, it waj at best difficult to acquire and 
process the data required for management decision making, the availability of 
integrated files that can be easily processed makes it easy to do so The most 
complete exposition of the role of a total management information system in 
industnal organicationa was expressed by Jay W Forrester * “ He used the phrase 
“industrial dynamics” to describe the application of modem engineering control 
techniques to the management of a company 

** Laiiaro, Victor (ed ), Syirrms end Procedures A Handbook for Business and 
Industry Englewood ClifCl. N J Prentice-Hall. 1959 

Neuncr, I I W , Office Afanagement Prtnctples and Practices Cincinnati, Ohio 
S<su\h-'Wt?ttin Pobliihing Company. 1959 

' Neuschel, Richard F , Atanagejnent bv Sytteni. 2nd ed New York McCraw HiU, 
I960 

Optner, Stanford L , Systems Analysis for Busmess Alanagement Englewood Cliffs, 
N 1 Prentice-Hall, 1960 

Ross. H John, Techniques of Systems and Procedures Office Research Institute, 

1949 

The Office Magatine of Management, Equipment JlferAocfj Office Publications 
Incorporated, NY 

Forrester, Jay W , Industria 


il Dynamics CaiebnAffs.Usst Mir Press. 1961 
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Operations Research 

Aiding management to make a dioice among alternatives has therefore been 
an increasingly important theme of scientific management A variety of 
techniques have been developed, usually grouped under the rubnc of “operations 
research” {sometimes called “managcmenl science”) * * The need for them 

espeaally arose m the 1940’s in managing brge-scalc military operations Since 
then, of course, they have become an integral part of the management process in 
a large number of industrial concerns as well as in the military In large part, 
operations research simply provides mathematical formalisms (or "models”) by 
which to represent alternatives for the decision problem of concern As such, 
they can serve as a quantitative basis for decision, since the data in the models can 
be processed according to the mathematics so as to “optimize” a measure of 
performance The specific techniques most generally used include hnear 
programming (or models based on linear inequalities), queuing and other models 
based on probability, game theory, and simulation 


Systems Analysis 

Where the management decision-making problem is a large-scale one. the 
design and evaluation of aliemalives requires a methodology, now generally 
called “systems analysis.” (t depends heavily on the kinds of mathematical 
models provided by operations research, but it is so much concerned with issues 
which sre not amenable to quantification (hat other techniques have been 
requited In particular, systems analysis must be especially concerned with the 
definition of objectives that the “system” is to meet Although some objectives 
can be measured, others arc essentially quabtative, relating to policy, politics, or 
social values As a result, systems analysis has had to be concerned with the 
balance between costs (usually measurable) and benefits (frequently unmeas- 
urable) The concept of “cost/effectivencss" or “costfbenefits” evaluation have 
therefore been an integral part of systems analysis. Of course, from the earliest 
days of scientific management, it was recognized that an adequate entenon for 
evaluation required some balance between the cost and benefits derived 
llamnglon Emerson, around 1910, expounded the use of “cost/effectiveness.” 

* ' AckofT, Rui«eU, Shiv K CupU, and J Sayet Mtnas. Scientific Method Optimizing 
Applied Reseereh and Decisions. New Yoik Wiky, 1962 

” BJumoUMiUiam J .Economic Theory and Operations Analysts. Englewood Cliffs, N 
J Prtnlice-Hitl,196l 

** Biennan. llaroU, Jr .elal, Quanlimitie Analysis for Business Decisions Homewood, 
lU.; Richard D Irwin, 1961 

Buisk. Edward C. and John S Cliapmin. Kew Decision Making Tools for Managers. 
Harvard. 1962 

” Oiurchcnan. C W , R L AckofT, and E 1_ Arrow, fnrroducnon to Operations 
Rruarrh Kew YotV Wvlfv-WSS 
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or efficiency, as the appropriate measure.** Since then, it has become the 
characterizing feature of systemi analysis, perhaps best represented by the work 
of Charles Elitch In I960, Hitch defined the concepts and problems in a 
cost/effectivcness mtenon when appbed to the policy issues m national 
defense ’ ’’ Since these techniques have been used with such success in the 
Department of Defense, they ate being more generally applied throughout the 
federal government Under the title “Program ITanning and Budgeting System,” 
each federal agency is required to lebte its administrative budget to benefits to 
be derived, in terms of defined program objectives of the government 


Summary 

The history of the development of scienlific management can be seen as a 
natural evolution of techniques They were created to solve management 
problems that appeared in a succession of organizational contexts— 
manufacturing productivity, project management, paper-work control, decision 
making, and large-scale systems devclopmeni~as each became large enough to 
require scientific management In each case, the new techniques developed drew 
heavily on both the philosophy and the methodology of their predecessors. 

Today, the magnitude of the management problem faced by libraries seems to 
be at a critical point As libraries grow m size and services, as they participate in 
national networks, and as they introduce mechanization, they must develop 
tools for scientific management appropriate to the tasks they face. In doing this, 
they can draw on the tools that have been found to be of value in other 
organizations-time and mouon study, project management, cost accounting, 
systems and procedures, management dcaston making, and systems analysis But 
particularly m the last two areas, libraries must develop tools of then own, 
attuned to the particular charactensiics of the library, its management problems, 
and its uiformalion system functions 


MANAGEMENT DECISION MAKING IN LIBRARIES 

Library administrators are continually faced with situations in which they 
must make decisions and choose among alternatives Some decisions relate to 

Emerson, Hjmnglon, TVie Twelve Fnnapkt of Effiewncy New York, Engineering 
Magazine Co , 1912 

Hitth, Charles, and Roland McKean. Econonuci of Defense in a Nuclear ,4ge 
Cambridge Harvard University Pte», 1960 

*®“US agencies get order join McNamara’s band cost system imposed by the defense 
secretary on the Pentagon will be the model for all federal departments", Business Week, 
November 13 1965, p 182 

Novick, David (ed), "US Bureau of the Budget Program budgeting program 
analysis and the federal budget ” Washington D C Sueermtendent of Documents, 1965 
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Strategic planning of the long-range objectives of the library, whether and how 
they should be changed, what policies are required to achieve them, and what 
effects they will have. Others relate to operational planning, where administra- 
tive decisions must be made about allocations of resources Some simply relate 
to the management of specific tas^s 

To date, most of these decisions are made by the librarian on the basis of 
expenence and his resulting intuitive jud^nent The generally high quality of 
library service, in the face of severe budgetary restraints, is attnbutable to the 
competence of the librarian But are there any quantitative methods that the 
libranan can use to aid in making these decisions'^ 

Projecting Library Growth 

Perhaps the most fundamental issue faced by the libranan in hiS strategic 
planmng is the issue of projecting the rate of growth of his collection Budgets 
for acquisitions and operating personnel, capital investment for buildings, levels 
and kinds of service to be provided for-all ultimately lie back to this pnmary 
issue. How should the libranan predict such growth over a penod of 20 to 30 
years or mote’ Does he depend solely on his own expenence, or the experience 
of his colleagues’ Must he ask the community he serves to make predictions of 
what they will need’ Or does he simply depend on a yeai-to-year balancing of 
immediate needs with apparently available funds’ 

This issue was recognized by libTanans.at a very early time, as one susceptible 
to quantitative treatment Fiemont Rider appbed a mathematical model to this 
Issue in strategic planning when he fitted an exponential curve to the past data 
on research bbrary collections 

Exponential Growth Models. The model can be described very simply 
“Library colIecUons grow by a mote or less fixed percentage each year, which 
results in a doubling m then size every 10 to 20 yean (the period being different 
from one kind of Lbrary to another) ” Such a growth model is a common one, 
particularly appbcable to biological phenomena dunng their stages of early 
development It is, in fact, the basis of projections of human population growth 
and Malthus’ dire predictions that population would outpace the capabilities to 
produce sufficient food to maintam it * ' 

Since Rider first suggested this “exponential growth” model 25 yeais ago, the 
growth rates of libraries have equaled and even exceeded its predictions In 
1951, Louis Ridenour restated the same model m a now classic volume. 
Bibliography m an Age of Science*’ Most recently, an extensive senes of 

Rvlei. Fremont, The Sch<^ and the Future of the Research Library New York 
{Udhim. 1944 

Millhui. Thomas Robert, fmry on (AeiYncipfero/For’utiOon London. 1798 

Ridenour. U. Ralph R Shaw, and A. C Hitt, Bibliography m an Ate of Science 
tUinois. I9SI 
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calculations has been made, fitting exponential growth curves to the past 
histones of libraries m educational institutions of many sizes Tlie resulting 
curves, publisltcd in the report by Oliver Dunn and others, provide a statistical 
picture of the past and lihcly future of research libraries ’ ’ 

Some efforts have been made to provide justifications for this apparent 
exponential growth on grounds other than simply fitting curves to historical 
data In particular, the growth of libraries has been attributed to the more basic 
growth in publication rate (especially in the sciences and technology), mainly as 
the result of the increasing numbers of scientists and engineers publishing 
reports 

Program Related Growth Motlck A somewhat different and even more basic 
approach was taken by Vernet Oapp and his associate Robert Jordan in their 
study of the library collections of the institutions of higher education in the 
state of Ohio ’ ’ Tlieir premise was that library growth is not a result of a simple 
exponential growth formula Instead, it is the result of the needs of the 
educational programs ofthe institutions themselves Tlicrefore.thcy adopted what 
i! technically known as a “parameteraed linear growth modcl"-a model that 
derives growth from a number of separate parameters (each characteniing some 
feature of the institution's academic progtams), which are multipbed by 
corresponding coefficients for number of volumes and then summed. At Figure 
3 I shows, the characterizing parameters include “number of students,” 
“number of faculty," “number of doctoral programs," and the like Lbrary 
growth IS then predicted on the more fundamental growth pattern of increased 
numbers of students, faculty, doctoral programs, and so on On the basis of this 
approach, the historical pattern of library growth could be interpreted as a result 
of the exponential growth m student population together with a continual 
fragmentation of areas of research 

Studies by the Insititute of library Research (of the University of California), 
in applying both exponential models and parametenzed linear models to a 
number of academic libraries, suggested that a more useful model was 
represented by a combination-lhal library growth resulted partly from the 
pressures of academic program and partly from the rate of increase m 
publication rates in already established acaderiuc program areas ^ ^ The resulting 
Dunn, Oliver C. W F Seibert, and Janice A Sebeunemsn, The Past and Likely 
Future of 58 Research Libraries. J951-I980 A Stalatural Study o] Growth and Change 
t-afayetle, Indiana Indiana Univerjily Labranes. 1965 

Truesviell, Richard W , Determining the Optimal Number of Volumes for Library 
Woliiin^s, School of EnEmeciing. Unweraty of Massachuvstts, Amherst, Mass. October 
1964 

Clapp, Verner and Robert Iordan, Quantitattre fytteria for Adequacy of Academii. 
library Collections Washulgton.D C Cwncilon Library Resources, 1965 

Hayes, Robert M , Protect Status An Approach to Methodology (Criteria and Coals 
for the Libraries of the t/niversiry of Cshfamus) Los Angeles InstiUite of Library Research, 
January 31, 1966 
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Figute 3.1 Formula for estonating the sue for liminal adequacy 

of the coUectJOns of senior college andwnwersity libranes 



Total 

f'olumes 

To a basic collection 

1 Undergraduate library 

S0.750 

Add for each of the following as indicated 

2 faculty TnembetUuttSsmtequwatenSt 

100 

3 Student (graduate or undergraduate m 
full time equmknts) 

12 

4 Undergraduate ui honors or independent 
Study ptorrams 

12 

5 Field of undergraduate concentralion-- 
"tnajor lubjeet field” 

335 

6 Field of graduate Concentration- 
Master's work or equivalent 

3,050 

7 Field of graduate eonceniralioo- 
doctoial v,ork ot tquw*l*nt 

24,500 


mode] (Figure 3 2), therefore, provides a set of coefncients somewhat different 
from the Clapp*Jotdin formula, since some of the growth is represented by pure 
exponential inaease (It should also be noted that the rale of exptmentiaS 
growth IS also smaller than is usually indicated, for the converse reason) 

Now, the point is not that one model or another really describes the growth 
pattern for Lbranes In fact, the likelihood is that libraries actually grow for a 
numbec of reasons that have httle to do with quantitative models-a urviveisity 
chancellor is esprcially aware of the value of a research library, a donor provides 
funds for special acquiutions. an area of research becomes of world-wide renown 


Figuie 3.2 SumnuiyorcntetUfinvoIumes) 
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and attracts researchers and resources, the librarian is especially astute in his 
collecting policies, and there are cxisttng intcnnstitutional cooperative arrange- 
ments But It IS also liVely that, on the average, these eTfects balance out and 
that the librarian can use a rational model to lay out his long-range growth 
program At least, a mode! lays bare Ibe factors that must be considered in doing 
so-whethcr new program areas arc involved, or increased publication rates, or 
other as yet umdcntincd aspects. Futthermore, a quantitative model may 
provide the justification necessary to support the librartan's long-range projec- 
tions 


Stonge Models 

Rider, in applying his exponential growth model to library growth, was 
concerned with an operational planning problem Ilow were the resulting storage 
needs to be solved’ The particular approach that he was interested in exploiting 
was micro-image storage (m the form of “Microcardi") Other approaches that 
have been suggested, smee then, have included deposilory libraries, retirement 
policies, compact storage, shanng of resources through some form of network, 
and other forms of storage (such as digital) 

The management decision in this operational planning situation can be easily 
stated How docs the librarian choose among the alternative methods of storage, 
and how does he decide what maienal to allocate to each alternative’ A number 
of models have been proposed as possible answers 

Frequency of Use Models. One of the most important models, called Zipfa 
law, was first applied to the description of the frequency of use of words * * 

In Its simplest form, the model says that the number of books that will be used n 
tunes IS (k/n) of the number that wiU be used just once (where A is a constant 
parameter, usually very close to 2) Figure 33 shows the resulting pattern of 
distnbution of activity Based on this model, book* that are infrequently used 
can be allocated to remote or relatively inaccessible storage, without degrading 
the overall efficiency of operation and perhaps even improving it by making the 

Leimkuhlcr, Ferdinand F„ and J G Cox, •X^orapKt Book Storage m Libtanes," 
Operations Research, May-June, 1964 

Muller, R H , "Economics of Compact Book Shelving." Library Trends, Apn\ 196S. 

” TruesweU, Richard W , "A Quantilalwe Measure of User Cuculafion Requirements 
and its Possible Effect on Stack Thinning and MntUpfc Copy Deleiintnation," American 
Oocumentation, 16 (January 196$). 20-25 

^ “ Ome. J . "Book Review of 'Oplimuin Stonge of Library Material.’ ” College and 
Research Libraries, May 1965 

* ' Zipf, G K , Human Behavior and the Prmeifile of Least Effort Cambridge. Mass 
Addison Wesley, 1949 

‘*^Sunon,H A , Models of Man New York Wiley, 1957 
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frequently used material even more accessible Unfortunately, the nature of 
long-tailed "J-shaped" curves is that many items (nj) m the long tail have 
effectively equal likelihood of being used As a result, experience bears out the 
proverbial Murphy’s law that "If it can go wrong, it will ” Whatever nwterial 
may be put in remote storage all too frequently turns out to be exactly the 
material that is next needed. Furthermore, the need for "browsibility” varies 
widely from one subject to another Mete “frequency of use” can completely 
fail to account for such differences Foully, the issue of what consututes 
"efficiency in operation” must be specified Usually, the system analyst would 
use a "cost/effecliveness” measure, comparing the cost of storage with the 
average response time (that is, time to locate and dehvet needed material) If the 
access time to remote storage is significantly greater than that to local storage, it 
may be difficult to justify its use 

Frequency Related to Date Total frequency cf use data has been, at best, 
difficult to accumulate Moreover, tt is not at all clear that past frequency is a 
valid measure of future frequency Therefore, in what is certainly a classic 
illustration of a quantitative model for library operational pbnnmg, Fussier and 
Simon studied "‘Patterns in The Use of Books in Large Research Libranes 
Their aim was to evaluate several factors as both independent and joint 
determiners of future activity These included “years since publication,” "yeats 
since accession," and “years since last use” as well as ‘‘frequency of use." The 

** Moite, Philip M .tifcrary t/'/ecwencB A SyUemsMpprMcfi CimbtwSse.Man HIT 
Pre«. 1968 

*■* Fussier Herman H , and Johan L Sanoo. The Use Of Books in Large Research 
Libranet Chicago. Ill Uiuvetstly ofChicago, 1961 
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data they used exhibited, with varying lelubility. approximately the behavior 
one would have suspected 

Since Fussler’s study, others have also related usage to publication date. For 
example, studies by Kilgour at Yale (on "Use of Books In the Yale Medical 
Ubrary’V and by Advanced Information Systems (on “Activity Statistics 
for a Large Bio*Medical Library”)^ ’ resulted in curves that were also “J-shapcd“ 
for publications in increasing order of age (see Figure 3 4) 

The most recent models of this kind have been developed at Purdue. 
Professor Ferdinand Lcimkuhler and a sequence of colleagues and students have 
been evaluating several quantitative models for allocating books to compact 
storage, with the thesis by W C. taster presenting the most complete summary 
of work to date **■“ 

A discussion of the costs and benefits of vanous models of book storage was 
Written by Ralph Ellsworth ’ '* U provides extremely valuable insight on these 
issues 


Network Models 

The most far-teaehing solution to the problems posed by library growth is the 
creation of cooperative library networks, by depending on the availability of 
tnatenal from other libraries and depository centers, the individual library can 
lunit the size of its own growth and specialize m the materials that it considers to 
be of particular imporlanoj or high frequency ©fuse. The design and evaluation 
of library networks is therefore a task of real strate^c importance to individual 
libraries and to the group of libraries as a whole. It is m part a function of cost; 

* Kilgout. Tivdcnck G, “Reiorikd Uw of Books In the Yilc Medical Library,*’ 
‘*'nencan Documenialion. i2(4)(Oclobci 1961). 266-269 

*°Kilgour, Picdenck, “Use of Medicil and Biological Journals In the Yale Medical 
Library," Of the Medical Library Association, 50(3), July 1962 

"Activity Statistics for a Large Bumtedical Library," Part 2 of the bmal Report on 
The Organization of Large Files, Sherman Oaks. California, Advanced Information Systems 
Division, Hughes Dynamics Inc , April 30, 1964 

Leimkuhlet, Ferdinand F , "Malbemalical Models for Llbraiy Systems Analysis," 
Drexrl Library Quarterlv, 4 (July 1968), 18-196 

**Morelock, M, and F F Lcimkublet, “Library Operations Research and Systems 
Engmeenng Studies,” College and Research Libraries. 2s (November 1964), 501-53 

Baker, Norman R , and Richard E Nance, The Use of Simulation In Sludving 
Tnfonnaiion Storage and Remeyal SMtem Lafayette, Indiana Purdue University, 
November 22 , 1967 

Lister, Winston C , Least Cost Oecismt Rules for (he Selection of Library Maietials 
for Compact Storage. Ph D thesis, Purdue Uiuversty, 1967 Wissertation Abstracts, 28(1), 
July -August 19$7,p 703-A) 

‘‘Ellsworth, Ralph E , TJie ^tonomici Of Book Storage in Cortege and IMiversify 
iibraner Metuchen.NJ Scarecrow Press, 1969 




Figure 3 4 Circulation comparison UCLA Bio-Medical Library and Yale Medial Library Data are plotted by publiaticm 
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In part, a function of the volume of traffic among libranes, and, in jart, a 
function of the response time, both to be expected and to be actually achieved. 
Models have been developed that reptesentone or more of these considerations 

Cost Trndc-Off Studiet The Issue of cost is of paramount importance, smee a 
major justifiation for a network h that there wfll be a cost saving if a group of 
system libraries can acquire and share a single copy of a book or journal rather 
than ten copies Of course, the savings in cost of acquisition, cataloging, and 
storage of multiple copies must be balanced against the resulting increases in cost 
due to the need to use some Inteilibrary loan procedure (mechanized or 
otherwise) The Center for Research Libraries has been carrying out this kind of 
Iradc-off analysis." accumulating data on the costs of both alternatives and 
determining the "break-even point”-the average number of uses at which one 
alternative is cheaper than the other.** Figure 3i summarizes the trade-off 
model used, with representative cost data 

Tigure CoMsof ufiatuuit. 


The cost assoculed with s serial title is expressed as the discounted cost over the period 
ot interest, that is the ''patent value." Thus 



«heie I IS discount rate,/ is inhaiion rate, and 

C,’l, t(a,-h*A,*S,*W,»V,*B,~ K,t(t -T) 


It • cost or acquuing and cauioging a new tenal title (meuned only 
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= OifTriO 
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BcvMvi, Ed.'i.atd C. et alv LiBrarf Cost iiod^t Qimuij versus 
I^bhcauons Chicago, Center for Research libtanrs, August, 1968 
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Commumcatjon Traffic Load The votame of traffic among hbnnes is 
significant in part as it relates to the characteristics of the communication 
system required to handle it This is a classic problem m the design of 
communication networks, with wcB established models for representmg alterna- 
tive configurations and choosing among them One such mode] has been 
specifically apphed to an interhbraiy network for the State of Connecticut 
The cruaal issues relate to the volume of traffic— the number of requests and 
amount of transmission of each The model is best represented as a matrix 
(Figure 3 6) m which the numbers represent the traffic between each pair of 


Figure 3 6 Matrix of mtetampus borrowing. I957-196S 
(excluding photocopies u lieu of toan) 
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“nodes” in the network Various configaiations of “switching centers” and 
hieraichical arrangements of transmission among libraries can then be generated 
by arithmetic processing of this matrix TTiey can be compared with each other 
for their lelatwt costs and effioenaes 

Response Time. Perhaps the most significant operational issue in network 
planning is that of response lime. Normally, one would expect that material 
which must be obtained from a remote location, throu^ a network, would be 
Jess readily accessible than if it is available at the local library To explore the 
significance of this issue, a number of simulation models have been developed 
These models are traditional locrfs m operations research for cxplonng the 

”Meise. Kormin R ConceptucI Design of an Autorr^led National Library System. 
Meluchen, N i Scarenow Preu, 1969 
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consequences of decisions in exceedingly complex situations. In them, different 
aspects of a situation arc described by equations, which arc interrelated with 
each other The computer can then carry out the calculations to show the effects 
of different conditions on the situation or to show changes in the situation over 
time 

One such simulation was developed by IIRD-Singcr, Inc., to represent the 
response time from an infomtaiion retrieval system ** The equations define the 
relations among different types of services, time schedules, work loads, and 
facilities The simulation then generates requests for different types of services 
and shows what the effective response tune of the system will be. 

User Response Tlie Institute of Library Research has designed another 
simulation model, which includes consideration of the users* needs for response 
times from an operating network *’ The model characterizes the users of a 
‘brary network in terms of four factors (I) their sources of information 
services (both withjn the library network and external to it), (2) their 
•fvformation requirements, in terms of services needed, subject areas of mterest 
std. most important, the response time needed,(3) their expectations of quality 
and time of service from the library; and (4) the effects on them of both 
adequate and inadequate response tune from the bbrary. It is the last factor that 
septesents the basic focus of the simulation. It assumes that if the user is 
disappointed, he will be less likely to use the library than he was before. If he is 
*atisfied, he will be more likely to use it The general structure of the model is 
Presented in Figure 3 7 

The value of all these models is in their use as a means of explonng the 
alternative network designs m terms of their effects on cost, performance, or user 
satisfaction As such, they do not serve as a substitute for judgment but as a 
support to It 

Models of Technical and Readers* Services 

Probably the mam burden of day-to^Iay library decision making is repre. 
sented by the management of the tasks in technical service and readers’ 
service ® ^ The rules and priorities for selection of material and for scheduling of 
'^'ork loads m technical processing require the continued attention of library 
tuanagement Yet, review of the library literature shows bttle, if any, attention 

0 R , el al , An InformOon Relnetal System Model State College, Pa HRB 
Singer Inc , 1965 

^^Hayes, Robert M , and Kevin D Reilly, The Effect of Response Time Vpon the 
Utilization of an information Retneral System, ORSA Annual Meeting June 1, 1967 

Dougherty, Richard M . and F 1 Hemntz, Sciennfk Management of Library 
Operarions New York Scarecrow Press, 1966 



Figure 3 7 Oio»» level chat of user behavior subsyitem model The category of user 
tfoi example, iubject area) » ascertained tfleieach decision pomt in the rnodel so that a 
complete bteaUdown of the number of needs, considerations, requests, and satisfied 
requests IS obtained 
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to the development of quantitative models to aid the libranan in the choices to 
be made Tliere are a few time and motion studies, a few costing studies, and 
Mvenl systems and procedures studies*’**' Tliese help tn tlie more or less 
procedural decisions, but not in tlie tnotc substantive ones One study, still 
under way. has explored quantitative entena for selection** The work at 
Chicago (under Swanson).** MIT (at Project INTREX),** and UC Berkeley 
(under Maron)* * may eventually provide a quantitative basis for decision about 
cataloging data, entries, and filing sequence 

Similarly, although direct service to the reader constitutes at least the 
pnmary. if not the sole, purpose of most libraries, there has been little attention 
paid in library literature to quantitative criteria for choice among services, for 
asignmenl of prionties, or for schedubng of service operations For example, 
i^hat entena would be meaningful in establishing a new branch hbraiy in a 
public library system? Or in instituting a new "cunent awareness” service? Or in 
estabfishing a "business reference center’” 

These areas for scientific management in bbranes, of course, represent the 
mam focus of concern for this book The methodology that is of particular 
importance is “library systems analysis ” 


library systems analysis 

In subsequent chapters, we shall review the requirements fot management of 
data processing development in iibcanes In doing so, "library systems analysis” 
be continually referred to as the technical methodology in aid of 

Pierce, W O’D , Work l^fcaiurement in Public Librunes, Social Science Research 

Council, 1949 

'Time and Cost Sludies-a Biblioeiaphy.’’ Special Librariei, (December 1964), 
69(y693 

*’Vooi, H. Slandard limes for Cerlain Oeneal Aclivinei In Technical Processing. 
Pb b thesis, Rutgeri tlmversily, 1965 (avsibble through Uniwisity Miciorilms) 

'Voodniff, EUine •‘Work Measuienient Applied to Libraries," Special Libraries, 48 
(April 1957), 139-144 

' l^lanual for Time and Motion Studies. Deneet Owvemty Libraries. 1960 
'Sfudj; of the Decision Making Procedures for the Aequisition of Science Library 
Materials and the Relation of these Procedures to the Rmuiremenis of College and 
'^’'lyenltv Library Personnel ALA 1968 

Swanson, Donald R , "Dialoeuca with a Catalog" Library Quarterly, 34, January 
( 964 , 113-125 

Trouct INTREX Semi Annual Aettniy Reports (March 15 and September 15) 
1966-ptesent 

** Miron, M E , and Ralph M Shoanet.The Study of Context Berkeley Institute of 
iferary Research. University of Califonlia, lanuaiy 1969 
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management Who is the systems analyst’* What is his role m data 
processing development and implementation’ Wiat is his relationship to the 
library? What are the tools and techniques which he uses’ 

Overview 

An image has been built around the concept of "systems analysis,” which 
implies an unprecedented abibty to resolve problems.*®’** Thus the “systems 
approach” is mvoked as the answer to every major issue The facts ate, of course, 
that systems analysis is simply an approach to problems and a body of 
techniques to aid in their solution. As an approadi, it follows the long history of 
scientific management theory, as a body of techniques, it draws on mathematics, 
operations research, and the use of the computer As the most recent 
manifestation of saentific management, systems analysis reveals one thing, at 
least each generation struggles with the task of discovering new principles that 
continually turn out to be the old ones But the problems change and become 
more complex, consequently, even though the principles we rediscover may have 
been known, the difficulties in applying them require the use of even more 
powerful techniques Systems analysis is merely the name we give, at the 
moment, to the most recent rediscovery of principles 

Library systems analysis is therefore neither new, revolutionary, nor a 
panacea It is simply the latest version of the application of the saentific method 
to library problems However, there are features of Lbraty systems analysis that 
particularly charactenae it— Us use of “cost-effectiveness” as the ultimate 
ctiienon for evaluation of bbrary operation,” its view of the library m the 
context of the larger situation within which it occurs, and its attitude of 
question toward the very definition of the “library problem ” 

Steps of Systems Analysis The systems approach to bbrary problems can 
be summarized m the following, simple set of steps ” 

1 Define the bbrary probkm. including its scope, the environment within 

”Mindex,T U, ' Libruy Systems Analyst A lob Desciiptioo,” Co/fe^eW/teseareA 
Libranet. 27 (July 1966). 271 276 

*’ Simms, Daniel M , "What » a Systems Analyst*” Specul Ltbranes, 59 (November 
1968), 718 721 

**BeUoiny. tied L . The Systems Appraaih Solves Library Problems," AtA Bulletin. 
62(Oclobcr 1968), II2I-I12S 

^ Burkhaltct, Barton R , Case Studies in Systems Analysis in a Vnivefsitv Library 
Metuchcn.NJ Scarecrow Press. 1968 

” Mcicr R L tfrmcniy Cntena for the Operation of Larp; Libraries." Library 
Quarterly 21,215 234 

'Taylor Robert and Caroline L HKhut, fit’inual for the Analysis of Library Systems 
Bethlehem, Pa- Lchijh University, 1465 
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which ii occurs, and the constraints on solutions to it. It is here that the attitude 
of questioning arises, since the library system analyst is continually asking 
whether the purposes defined for the library truly represent the requirements. 
Perhaps more than any other methodology of analysis, systems analysis adopts a 
teleological view Even though the systems analyst may accept a definition of 
purpose as given, these is still an attitude of question. In part, this is a direct 
result of the recognition that any library exists as a component in a much larger 
system whose total purposes might be belter met otherwise 

2 Analyze (he library's operations and, in doing so. describe them in detail, 
showing the relationships among the parts. It is here that the body of technique 
IS used The systems study, the analysis of statistics and forms, and the 
drawing of flow ebsrls, far example, provide the formalized tools to aid ta this 
step 

3 Synihesae alternate solutions Tins is the really creative part of "systems 
analysis” and perhaps the part around which the image has been built. 
Sometimes a solution is found by viewing the library as simply a part of a larger 
system, sometimes by a very simple change in the character of the operation. 
This IS the acative side of the process, although we try to develop formalized 
tools to aid It 

4 Evaluate (he alternatives according (o defined entena It is here that the 
usage of "cost/cffectivcncss” has beconw characteristic of systems analysis in 
general Although implicit in all cost-accounting systems, it has been made 
explicit only m the most recent applications of systems analysis It is now the 
standard criterion in the Department of Defense, the Bureau of the Budget, and 
an inaeasing number of governmental agencies and industrial concerns Even 
(hough issue may be taken with its appbcabikty to essentially nonquantifiable 
tasks. It IS likely to be the criterion in library system analysis as well. 

5 Iterate these steps to inaeasc the detail and to modify the results if they 
do not adequately solve the problem 


Definition of a System 

For answers to the basic question— "What is a systemf’-lhere are well- 
established definitions of both a structural and a functional nature Perhaps the 
most general picture is portrayed by Figure 3 8 It shows the meaning that each 
of the typical system components hasm the context of a library system 

Botko, Harold, “Design of Informatioii Systems and Services,” m A nnual Review of 
/n/ormanon Science end TVcAnofoyv. Vol 2, edited by Carlos A Cuadta New York Wiley 
1967,pp 35-61 
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Types of Systems Withm Ihis general framework, several types of systems 
can be distinguished, primarily in temu of the 'particular components that 
represent the problem in a given situation For example, a communication 
system IS a specialized instance of an information system in which the critical 
problems are involved with the communication components in the system- 
control of error in the presence of ‘*noise,“ and maximization of the amount of 
data transmitted Also a storage and Ktrieval system mi^t be considered as a 
system in which the critical problems relate to the organization of a storage file 
for maximum effectiveness A third special case is the servosystem-an 
information system whose problems are due to dynamic effects, particularly 
with respect to stability, which arise from the feedback time cycle compared 
with time cycles m the remainder of the system Finally, although it is not usual 
to do so, one could define a class of “processing systems” in which the problems 
of pnncipal concern relate to the routine logical processes in operation of the 
system, presumably, most systems for engineering computation and business 
data processing (such as inventory control, billing, and accounting) fall into this 
class 

Scope of System. In another (more important) sense , an infonTiation system, 
even a specialized one, involves all aspects. It epitomizes the concept of systems 
analysts Specincally, the decomposition of a system into component parts (as 
exemplified in Figure 3 8) is the result of an analytical process Each component 
can now similarly be treated as a ^stem, with its own input and output as 
determined by the other components As such, it can be analyzed into exactly 
the same kinds of components as the original system-communication, storage, 
processing, and feedback Reversing this view, it is evident that any system can 
Itself be considered as a component m a larger system One of the significant 
problems in system design, and one of the difficulties m defining the concept of 
information systems itself, is therefore the determination of its scope. In fact, 
the psychological bent of the system designer is to increase that scope 
continually, to consider larger and larger contexts, and to reach for a “total 
system ” It is also evident that valid system design requires a precise definition 
of the scope of the system and cannot tolerate grasping of ever-larger fields to 
conquer 


Defiifing the Scope of the Library System 

Therefore, before a system can be studied, its scope must be defined The 
way a person thinks of a system depends on the individual perspective from 
which he views his world A circulation desk attendant might define a library 
system as the set of routines he uses for transporting library matenals back and 
forth between library patrons and the stacks The libranan will probably define 
the library system as including all of the things necessary for carrying out the 
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policies established by his library’s goveming body A library patron might 
include all of the communication channels throu^ which he obtains mforma- 
tion-both the library and machines for searching large data bases In other 
words, every system has a place m the hierarchy of systems Wliat one man 
defines as a system may be a subqistem to another man 

What this means for library systems analysis is that all aspects of the library s 
operation must be considered, as well as some aspects of the operations of 
organizations outside the library which interface with it The source of inputs 
and the destination of outputs from the library system must be traced far 
enough to determine their actual impact on the library operations 

Analyzing the Library's Operations 

A bbrary systems study then proceeds by assembling all available documenta- 
tion covering the existmg operations of the library These include samples of 
forms, reports, and publications, descriptions of files, equipment, physical plant', 
copies of wntten procedures, policy statements, orpnizatien charts, position 
descnptions, externally imposed regulations, and existing system descnptions 
These materials are then otganaed, and significant missmg documentation u 
identified It is almost always necessary to bring much of the existing 
documentation up to date, and it is usually desirable to prepare documentation 
covenng these areas that previously have not been documented (for instance, 
position descriptions prepared years ago may be out of date) As documentation 
IS assembled and organized, some omissions will become obvious It is probable 
that a large number of undocumented policies will be in effect, and it is likely 
that many policies thought to be generally understood will be widely 
misinterpreted by personnel Getting the generally understood policies into a 
written form wiU, m itself, contnbute to a more smoothly tunning and effective 
library operation Documenting the existing bbrary service pobcies will permit 
the need for the various service activities to be assessed With this documentation 
assembled, the detailed descnption of operations can be produced Techniques 
of system descnption are discussed in Chapter 6 

However, the pnmary purpose of this phase of the systems analysis is the 
identification of inputs, constraints, and outputs for each component of the 
system, together with some measure of their actual importance It therefore is 
clear that the analysis cannot be concerned exclusively with the existing system’s 
operations Forms and work flow arc traced through the system as a means of 
determining the real requirements 

Designing Alternate Solutions 

The results usually imply a need for a new design or for significant changes to 
the existing design The justifications for initiating such changes involve improved 
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efTcctivcncss of Ihc organization’s pcrfonnance and/or a reduction in costs, the 
primary objective of a systems program being the reduction of the cost/effective- 
ness ratio 

Evaluation 

Early in the formulation of system spearications, a number of trade-off 
studies should be made NMtat are the advantages and disadvantages of on-line 
and batch-mode processing of data at various points in the system? \Vliat 
equipment is available, and wlut are the good and bad features of each’’ What 
are the different ways that data can be organized in machine files, and what are 
the strengths and weaknesses of each file structure^ Where does a man best fit 
into the system, and where should machines be used^ 

Equipment vendors are always anxious to propose alternatives using their 
equipment Recognizing that a vendor has a solution for which he is seeking a 
problem instead of the converse, they can provide valuable assistance Where the 
dollar volume warrants it, equipment manufacturers will prepare detailed 
proposals for the application of their equipment m a library to solve a set of 
specified ptobkms However, then proposals should be treated with caution, 
preferably as input to the design work of the library’s system staff 

Once the preliminary system specincations have been drafted, it will be 
possible to prepare an estimate of implementation and operating costs for the 
new system for comparison with the cost of the present system, as estimated 
during the study of it If the costs of the new system (including amortization of 
the one-time-only implementation costs) ate estimated to be less than those of 
the old system, the decision to proceed with the development of a new system is 
easily justified However, usually, the cost of Ibe new system exceeds that of the 
old system, and Us development must be justified on the basis of a more 
effective ojieratian, including the provision of new services not previously 
provided 

The information needs throughout the system and the required system 
outputs will have been determined dunng the systems analysis Just how these 
needs are to be met will require a great deal of work Certainly, it would be 
possible to design some portion of the system to meet a limited number of the 
needs and objectives, but the procedures developed probably would not be 
compatible with other proceduies developed later on fhus, it is really better to 
outline the entire system and to show, m a pieUminary fashion, how the vanous 
parts fit together (for example, converting a file to a machine readable form 
could significantly alter the proceduies of many secondary users of the file) In 
other words, the total system concept should be outlined before the detailed 
specification of a sjMCific part of it is undertaken 

In the design of a total System, two sjgmficant external factors shouJd 1» 
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taken into consideration First, the library receives many essential inputs from 
outside agencies— book publishers, patrons, national Lbrary systerns, and library 
funding agencies The library systems planner must take them into account to 
ensure compatibility of any new library systems with those of such external 
agencies For example, the Library of Congress has begun to provide machine 
readable bibbographic data, this has profound impbcations for the new library 
system design Second, library systems development is expensive, and yet certain 
problems are common to all libranes Consideration should be given to the 
possibility of adapting systems developed by other libranes When only a small 
number of compromises are required for the adaptahon of a relatively complex 
system design, this approach can have enormous economic advantages 


Suggested Readings 

Among the references in this chapter, there are several books and articles that 
are especially valuable, either histoncally or because of the quality of then 
content 

Brandeis, Louis D , "Economies through Scientific Management,” Evidence 
taken by the IntersMie Commerce Commission in the Matter of Proposed 
Advances in Freight Rates by Carriers, August to December 1910, V 8, 
pp 47564803 

This IS a fascinating bit of history* Brandeis presented a “Brief on Behalf of 
the Traffic Committee of Commercial Organizations of the Atlantic Seaboard '' 
He brought together all of the individuats-Taylor, Gantt, Gilbreth, etc— who 
created the field of saentific management Their testimony presents a clear and 
specific descnption of what could be done to improve efficiency of operation 

Burak, Edward C , and John F Chapman, New Decision-Making Tools for 
Managers, Harvard, 1962 

A reasonably nontechnical introduction to operations research and project 
management, with specific examples from business It is a collection of articles 
published in Harvard Business Review 

Churchman, C W , R L Ackoff, and E L Amow, Introduction to Operations 
Research New York Wiley, 1957 Probably the best textbook and 
Probably the best textbook and technical introduction to operations 
research 

Dougherty, Richard M , and Fred J. Ileintita, Scienli/tc Management of Library 
Operations New York Scarecrow Press, 1966 

This is an excellent, even though mis-titled. handbook of methods and tools 
for methods analysis in the library, including management study, flow charting. 
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forms design, sampling, and aids for compatation They are illustrated by a cost 
study of a circulation system 

Forrester, Jay W . /ndujfrij//)j>n«m/cj Cambridge, Mass MITPress 

A description of the use of mathcmalica! models, which utilize data 
available from integrated management information systems, for planning and 
control in industrial corporations 

Fussier. Herman II , and Julian L Simon, The Use of Books in Large Research 
Libraries Chicago, Illinois University of Chicago, 1961 
A model study of the application of techniques of scientific management to 
libranes. this report analyzes statistics of use in order to develop criteria for 
selection of books from a collection to be relocated from on-campus storage to 
remote storage 

l\eye\,Cii\, The Encyclopedia of ifanagemeni NewYork Reinhold, 1963, 

Of particular interest are the articles in Sections I (Basic Management 
Concepts), II (Pioneers in Management), VII (Decision-Maktng Processes and the 
New Management Sciences), X (Project Management), XII (Industnal Engineer* 
ing), XVII (Accounting and Control), XIX (Systems and Procedures), and XX 
(Automatic Data Processing) 

Hitch, Charles, and Roland McKean, Economics of Defense in a Nuclear Age, 
Harvard, 1960 

An extremely important description of the application of cost/beneflt critena 
to the handling of major policy issues Although its special emphasis is on 
nuclear defense, the technique has since been extended to other poLcy areas 
Rider, Fremont, The Scholar and the Future of the Research Library New 
York Hadham, 1944. 

One of the most important descriptions of the application of scientific 
management to a basic issue ui both strate^c and operational library 
plannmg-how to handle the exponential growth in hbrary collections 
Ridenour, L , Ralph R Shaw, and A G Hill.Bibliography in an Age of Science, 
Illinois, 1951 

Almost a companion work to Ridel’s, this discussed the same phenomenon, 
exponential growth in library collections, as exemplified m science and 
technology 

Taylor, Frederick W , Principles and Methods of Scientific Management New 
York Harper, 1911 

This book provides the first definitive description of the concepts and 
techniques used m scientific management ft also displays an intellectual 
arrogance, w jjs belief that wivlunen are JDt^pahle of fiinihonjng wilhout the 
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guidance of a scientifically trained elite, that has been S continuing subsurface 
attitude of enthusiasts for “scientific management ’’ 

von Neuman, John, and Oskar Morgenstem, A TTieory of Games and Economic 
Behavior, Princeton. 1947 

Perhaps the most important and mfluential book in operations research It 
provided the mathematical formalization of decision-ioaking in a competitive 
environment, in terms of probabilistic strategies, based on “pay-offs” to be 
expected from each of a combination of alternatives It requires a high degree of 
mathematical sophistication to understand it fully, but parts of it are quite 
readable even without knowledge of mathematics 



Chapter 4 

COST ACCOUNTING IN LIBRARIES 


Very few libraries have a sufRaenlly deuJed picture of costs for their present 
operations to support scientific managemenl Thu lack of a cost picture has been 
long tecognaed m the histoncal and conlmuing discussion of the need for 
adequate cost accounting in library operations In fact, the need relates not 
so much to the issue of data processing as to the issue of good library 
management Basically, good cost data is a prerequisite for the development and 
support of adequate budgets, and for the evaluation of alternative services and 
procedures, whether mechanized or not. 

For these reasons it is essential to conader the introduction into the library 
of an adequate, detailed, cost accounting system Although we are viewing the 
matter in the context of mechanization, it u important to reiterate that it has 
meaning to the library independent of this context 


DEFINITIONS 

Before discussing the issues in cost accounting, let us make some important 
distinctions so that cost accounting is viewed m the proper perspective 

' Adams, Charles, J , "Statistical Chaos Technical Services in Public Libiaiies," Library 
Journal, 91 (9) (May 1, 1966), 2278 2280 

^ Parker, Ralph H "Aspects of the Financial Administration of Libraries," Library 
Trends, April 1963 

’ Rider, Fremont, "Library Cost kceaanXsag^ Library Quarterly, 6 (1936), 331-381 
* Brutcher, Constance, et al , “Cost Accounting tor the Library,” Library Resources and 
Technical Services, 8 (FaU 1964), 413-431 

85 
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1 The distinction between cost accounang and methods analysis Many of 
the aiticles wntten about the measurement of costs in bbrary operation have 
focused on detailed work measuiement as part of a general rnethods analysis 
approach*’* It is, therefore, important to recognize that a cost accounting 
system is basically diffeient fiom methods analysis, although Ihete is an 
important role for each Speafically, in methods analysis (and work measure- 
ment), the intent is to evaluate quite detailed differences between ways of 
executing specific operations. In contrast, cost accounting is a management too! 
for control of an entire organization As a result, the level of detail required for 
work measurement ij considerably finer than that mvolved m a cost accountuig 
system 

2 Coit accounting versui ad hoc coa studies Again, most of the articles 
wntten concerning library costs have reported one-time studies In contrast to 
them, the value of the cost accounting system bes precisely in the continuing 
picture that it provides We must emphasize that a cost accounting system is a 
tool for management of the library It is valuable not only m providing » 
continuing picture of costs but also in the highlighting of changes in costs, in the 
single library, over time 

3 Cost accounting versus library statisttcs Lbranes have a tradition of 
maintaining various statistics-the number of books acquired, the number of 
titles cataloged, the number of volumes cuculated, and the number of reference 
questions handled But there » a great differenct between statistics and cost 
accounting In a sense.statistics provide only one side of the picture, they fail to 
describe what it costs to acquire a book, to catalog a title, to circulate a volume, 
Or to answer reference questions. 

4 Cost accounting versus bookkeeping It might be argued that any library 
must maintain cost data in order to control its budget The problem, 
however, is that only rarely are the general bookkeeping accounts adequate for 
the evaluation of costs Again, budget control presents only part of the picture, 
since It separates costs from the statistics of performance However, it is clear 

* Niteck. A , el al. Cost Aceounimg Formi (Guides to aid libnnans to detennine the 
unit cost or technical services of a hbraiy)." aricA(gsn Librarian. 29 (December 1963). 
19-21 

‘ Pierce. Watuin O'D. Work Meaturement in Public Libraries New York Social Science 
Research Council. 1949 

■'Homsren.CTarlesT Cost Aceounling A Mmegenal Emphasis Englewood (niffs, N I 
Pientice-1 (ill. 1962 

* PrKe. Paxton P . "Budgeling and Budget Conliol m Pubbe Libraries," Library trends. 
XI (April 1963) 402-112 

Price Paxion P . Financwl Adnniustiation" in Local Public Library Admimstralion, 
u'm 47'^ Bonier Cliicago Intereational Qty Managers’ Association, 1964, pp 
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that most libraries, in fact, now acquire almost all of the data-in statistics and in 
budget control-required for a cost accouniins system The cost accounting 
system, by tying together the statistics with costs, provides the total picture The 
necessity is to do this in detail sufTiaent for the purposes of management 
control, but not in such detail as to impose an unbearable burden 

In summary, a tost accounting system is continuing rather than intermittent. 
It IS concerned with the total library and not mth some detailed aspect of it, and 
It ties together costs with effectiveness rather than being concerned with simply 
one or the other Cost accounting is a management tool of primary value to the 
librarian m his dayuo-day control of his own library It is only of incidental 
value in comparisons of one library to another The importance to good 
management is illustrated by the listing (Figure 4 1) of typical management 
repoits that would be the continuing product of a good cost accounting system. 

It must be recognized, however, that a cost accounting system for library 
operation does pose some significant problems. It is relatively easy to 
accumulate statistics or to control budgets, it requires a recording system to tie 
the two together As a result, a cost accounting system represents a cost in itself. 
Its costs must be weighed against values received. 

Figure e I Manajement and Cost Accounting RejMtts 
Managtment K*pofH 

1 Direct cost total by account and by unit of «oik. for each account 

2 Overhead cost, by category, and as a percentage of bcih direct salary and total direct 

3 Total cost -direct and indirect, by administrative uml 

4 Each of these by time, by time period 

5 Time delays and backtogi, by department and by lypeof matenal 

Cost Accounting Reportt 

1 Weekly Transaction Listing 

2 Weekly Labor Report 

3 Weekly Inventory Usage Report 

4 Weekly Cost Distribution Report 

5 Cost Center Cost by Account Report 

6 Cost Center Product Allocation Resiort 

7 Fringe Calculation Report 

8 Work-in-Progress Count Report 

9 Work-in-Progress Calculation Report 

10 Woik-In-Progress Ledger Report 

1 1 Woik-In-Progress Summary Report 

12 Cost Center Analytical Report 

13 Cost Center Rate Report 
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Furtheimoie, the hbiary lepiescnts a tonti of oiganiiation for which 
accounting practice has developed few guidelines First, the “product” of the 
library is a set of services, based on conbnuing investment in acquiring and 
cataloging a collection of information (the books and journals) There are still no 
standards for capitalizing such investment or for determining how oveihead 
should be calculated Second, most hbranes arc not “profit-making” institutions 
Yet, most accounting practice is oriented to the need to determine the 
proiitability of individual products of an organization. It is only recently that 
the value of cost-accounting data has been conadered as part of the decision 
processes in allocation of resources U is the latter, however, which is usually of 
importance m the hhraty 

A fact that, in the past, has compbcated the problem in mtroducmg a cost 
accounting system in hbranes has been the general lack of availability of the 
mechanized equipment for processing the comparatively large volume of 
recorded data involved. For many libraries this may still represent a significant 
barner, hut as the larger libraries gradually introduce mechanical procedures for 
vanous clerical operations, and as the smaller libraries combine into bbiary 
systems, these difficulties should become relatively minor In fact, the pnnciple 
should be adopted that whenever a program for mechanization is initiated, a 
parallel system for cost accountmg should be considered as well 

Perhaps the most significant barnet to the mtioduction of a cost accountini 
system in the library is the extent to which it will find accepiante by the library 
staff itself Professionals nghlly are very reluctant to have their performance, in 
any way, “measured ” Actually, intellectual work is, by its nature, difficult (if 
not impossibU) to measure and, where measutement « attempted, all too 
frequently it causes a rmsundersunding of what was actually accomplished 
Library work, in particular, involves such an mternuxture of intellectual with 
clerical processes that measurement of them is almost certain to create many 
difficulties Thus, even if we recognize the value of a cost accounting system to 
hbnry administration, we must be aware of its effect on the professional staff. 
Basically, the only answer to this problem bes in the extent to which the system 
for recording, processing, and reporting is smple and includes a means for 
recognizing the intellectual content of bbrary work But it is useful to provide 
the staff with advance explanation of the value of a cost accounting system to 
both the organization and the individual, with emphasis on the fact that cost 
data IS used to aid in making valid judgments not to replace them 

GENERAL PRINCIPLES OF COST ACCOUNTING 

A cost accountmg system is a procedure for recording operations, times, and 
costs for various parts of an organization, together with a procedure for 
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processing, reporting on, and acting upon the resulting data It must include 
provision for representing all sources of costs, including the salaries of staff and 
administrative personnel, capital investment, and all categories of expense. It 
must include provision for the measurement of work performed m terms of both 
quantity and, for library operations, quality and complexity It must include 
provision for the recording of the time required to handle given operations 
In the recording of this data, a distmclion is usually made between “process 
costing,” where the data is related to a specific process, and “job costmg”whefe 
the data is related to a specific item being processed Let us explain the basis of 
the distinction In the acquisition of a single book, we see a succession 
of processes-ordenng. receiving, cataloging, mechanical preparation, and 
shelving ' ® If we are concerned only with the Issue of costs for these individual 
processes, it would be suffiaent to have a cost accounting system that simply 
recorded data about each of them But if we wish to relate costs to different 
types, forms or kinds of material, we need the more detailed job costing system 
that ties costs to the specific item being processed as well The point is that job 
costing involves the same processes that process costing would account for, but 
the detail wfll be much greater Figure 4 2 is an approximate classification for 
Operations m the library into those for which process costing seems appropriate 
and those for which job costing may be desired It further summarizes some of 
the distinguishing characteristics of the two 

No matter what form of recording and amount of detail >$ utilized, there are 
always certain costs that cannot reasonably be assigned directly to a process or 
to a job Admimscration, for example, is required for all operations in the 
library, and its costs cannot tationally be ascribed specifically, say, to the 
cataloging of a particular book The distinction, therefore, is made between 
these costs that can be related to a specific process or job (called direct costs) 
and the costs that cannot be (called indirect costs or overhead) The importance 
of this distinction arises when we ask the question, tor example, “What does it 
Cost to catalog a book''” Clearly the costs of adtninistenng the library, of payroll 
accounting, of rent, and of utibties must, in some sense, be considered as part of 
the costs of cataloging a book The issue is How should these indirect costs he 
allocated to particular processes or jobs’ The variety of possibilities for such 
allocation is great, but the usual basis is to allocate the indirect costs 
proportionally to the direct ones However, some specific issues must be 
resolved (1) Should the storage space for the collection be regarded as an 
overhead expense, or should it be included m the allocation to cataloging or to 
reader services for which the collection seems more directly related'' (2) In the 
allocation of administrative expenses, should the costs of the book be regarded 

Franklin, Robert D , "Book AcquinUon Costs," Library JournPl, 90 (April 1. 196SI 
1512 1513 
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Figure 4 2 ExarR[4Mot types of operations 


Process Type Operation 
Selection 
Ordenng 


Cxompict 

Job-Type Operation 
Unicjue ord«s 
Blanket orders 
Standing orders 
Approval orders 


Receiving 
Fund accounting 
Catalog production 


Otculation control 
Ready reference 


Monograph cataloging 
Stm\ cataloging 
Document cataloging 
Mittoforni cataloging 
Magnetic tape cataloging 

Bibliogtaphiealwoik 
Catalog reference 
Wonnation specialty 
service 


CHARACTERISTICS 


Process Costing 
1 Less effort 

1 Jtiiodic recording rather than 
continual 

3 Unit avesasea wore canty ot>- 

4 Responsibility for costs more 
clearly defined 

5 Overhead allocation is simpler 


Job Costing 

1 More detailed 

2 Specific costs continually avail- 
able 

J Cliiirws differences among 
materials or service groups 


as part of the direct costs of acquisition or should the allocation of 
administrative costs be based solely on the salanes of the personnel involved? We 
raise these issues, here, solely to illustrate some of the detailed problems that 
must be resolved in the iittroduclion of a cost accounlmg system The particular 
decision made as to the basis for allocatitm wiU reflect the management needs of 
the library 

A final problem, in the crealioo of a cost accounlmg system, concerns the 
distinction between capital costs, which must m some way be amortized over the 
useful life of the capital investment, and expense costs which are charged as 
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costs as they arc incurred Let us comment on the significant points If capital 
costs arc not amortized, they distort the cost picture, since they unduly increase 
costs at one point m time and decrease them later To illustrate, if equipment is 
acquired to aid in the circulation function of the library and if this major capital 
expense is allocated to the cost of arculation at the time of purchase, the 
expenses in this department will be unnaturally high, later, if it serves its 
function properly, the costs of service will be significantly lower The cost 
accounting system would completely fad to provide precisely that kind of 
management information for which it » intended, that is, describing what the 
effect of this capital investment was on operational costs If. alternatively, the 
purchase of this piece of equipment is regarded as a capital investment, with 
costs amortized over the usefuUifc of equipment and allocated against operating 
costs on that basis, a truer picture is obtained and the cost accounting system 
indeed serves its purpose Dui the question now is What constitutes capital 
investment'* Most particularly, it seems that the book collection itself should be 
treated as a capital investment The U S government curricula A-2I (concerning 
acceptable overhead accounting practice for universities on government grants 
and contracts) requires that books be treated as current operating expense 
(because there is a continuing budget for it) However, there is a huge initial 
investment reptescnied m the university library's collection, the value of which 
should be recognized and which should be amortized Of course, there arc 
significant issues that must be resolved concerning the basis for an amortization 
schedule and standard depreciation rates, but the principle should be clearly 
established that the book collection represents the major capital investment w 
the library 


ISSUES IN OPERATION 

The normal operation of a cost accounting system can be conveniently divided 
into four aspects (1) operations involved ui the actual recording of direct cost 
data , (2) operations involved in the allocation of overhead to that data and in its 
distribution to cost accounts, (3) operations involved in the analysis, prepara- 
tion, printing, and distribution of management reports, and (4) operations 
mvolved in revision of the ^sfem, particularly toward the end of introducing 
more specific detail In the following sections we will discuss each of these 
categories 


Direct-Cost Recording Operations 

The major element of cost and cause of difficulty in acceptance of a cost 
^counting system lies m the lecordmg of dels for opersttoet and jobs 



Figure 4 J Ourt of cost-acconnts-duect expenses 


A B C D E 

Account Code 1 I 2 sIaIs 6|7 S |9 10 I 

The following chart should be regarded as tentative and illustrative Any final list will 
require a very careful examination of the actual needs for management reporting in the 
individual library 

A Type of Proctst Vmt of Work 

100. Acquisition 

110. Selection 

120 Ordering 

130 Fund accounting 

140 Receiving 

Title order 

200 Prepiianon . 

210 Labeling 

220 lacketing 

230 Book cards and pockets 

240 Distribution 

250 Binding 

Volume 

300 Cataloging 

310 Descnptrve cataloging 

320. Subject cataloging 

330 Cbsiiflcaijon 

340 Subject authority revision 

350 Shelfbsting 

Title 

400 Production of catalogs . 

410 Key-punching 

420 Sorting and merging 

430 Deaton of master 

440 Printing 

Entry printed 

500 Circulation 

Volume 

610 Formulatonof lequesl 

620 Initial searching 

630 Compilaton of answer 

640 Transmission to request 

700 Admuiistration and general 

B Lffel of Complexity 



0 Simple 
5 Avenge 
9 Complex 


92 
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C Source of Cost 
10 Ssliry 

1 1 Professionil library 

12 Professional leehnical 

13 Ocncal 
20 Pxpcnics 

30 Capital investment fuKhidins book funds) 
0 TypeofAhienjI 

10 Books 

11 Fiction 

12 Nonfiction 

13 Juvenile 
20 Serials 

30 Phonograph records 
40 Documents 
50 Microform 
50 Magnetic tape 
E Adminutrative Unit 


10 / 

20 Departmental 

30 or branch 

40 \ Library organiaalion 


Therefore, it is vital that this recording be made as simple, as uncomplicated, and 
as easy to perform as possible 

The requisite data that must be recorded arc the cost, time, and amount of 
work performed (in terms of some appropriate units for measurement of work) 
Usually, cost associated with a process is determined from the salary of the staff 
or equipment performing it, for nost bbtaties, it w important to identify 
uniquely each person or piece of equipoient, although for certain purposes (such 
as circulation charging) it is suflioent to idenhfy the type of person The data 
concerning time are relatively easy to define, the only real issue being the degree 
of precision with which it is recorded (usually, in bbrary operations, we might 
reasonably record time to five iiunute uitervals) 

The real difficulty lies in the de&ution of the categories of processes and of 
suitable units for measurement of the work performed in each of them In 
accounting terms, this is represented by a “chart of accounts ” A representative 
chart for a typical library is shown m Figure 4 3 As this chart of accounts 
shows, the processes being measured can be identified at as many levels of detail 
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as may be appropriate to management needs at the moment PresumabJy. one 
would start a system at a relatwe gross level (even so gross as “ordenng," 
“cataloging,” “circulation,” and “reference") and then refine the detail when 
necessary or desirable. 

As should be evident from the diart of accounts (Figure 4 3). several 
considerations ate relevent »n the definition of process accounts, fn addition to 
the process itself, the type of material being processed, the level of complexity, 
special features (such as language), the department, and required response times 
all become signittcent in the exact specifications of a process account. 

Smce qualitative judgment is so important in library work, the chart of 
accounts pays particular attention to the issue of complexity Although we 
recognize that complexity is difiiculi (if not impossible) to define, it is essential 
to provide some mechanism for the recognition of it The chart of accounts does 
so by providing a relative coarse measure, dfvided into three categories simple, 
typical, and difficult These could be delernuned by the type of material, the 
language, or other factors relaluig to the difTicutty m the task (Of course, they 
need not be applicable to all classes of operation ) 

As mentioned previously, a distinction is usually made between “process- 


Procm-eon rtponmg form 
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type” operations and “job-type” operations Figure 4 4 shows a typical form for 
the recording of cost accounting data for a normal process-type operation There 
would be a separate form for cadi such process, in which the recording on each 
line identines the person (or machine) performing that operation, the starting 
time and ending time for each, and the volume of the activity handled at each of 
the three lewis of complexity Usually, such a form will be placed at a 
charge-out desk, and the clerk will then simply record his identity, starting and 
ending limes, and tallies of the number of items charged out in the defined 
categories 



Figure 4 5 (a) Job cost reporting form (illustialed by ordering and 

cataloging) (b) Job-coat pundied card 


The recording of data for job-type operations involves a somewhat different 
form (Figure 4 5) As shown, each Imc m this form would allow the recording 
of one in the succession of processes through which the job moves, together with 
the identification of the persons (or machines) performing the successive jobs 
and the time taken for the level of complexity of the particular process for the 
particular job Generally, this form wdl be, m some sense, physically attached to 





96 Cost Accountmg m Libranes 

the job and will move with it ftom one process to the next. For example, if a 
reciuest for information services is received which, from its nature, warrants the 
establishment of a job for it, a job accounting sheet would be created and would 
follow the job through the successive steps of (1) definition of request, (2) 
catalog searching, (3) acquisition of material, (4) analysis of relevant data, and 
(5) development of report. 

Such a form thus serves a variety of purposes 

1 Issued by person responsible for initiation 

2 Authorizes the work and provides for a dironological record of the tune 
consumed. 

3 Describes the nature of the job and indicates what should be produced 

4 Outlines the steps to be taken 

5 Follows physical work throu^ production 

6 Controls the accumulation of cost data 

7 Becomes the source record for cost accounting 

8 Can provide a permanent record 

In both process and job costing, the form of recording would be manual, on 
prepnnted forms with self-explanatory codes to faahtate both the recordmg and 
subsequent key-punching This raises a basic assumption: if a cost accounting 
system IS to have any real chance of success, the later stages of processing and 
reporting should be performed with data processing equipment. This implies that 
the data m the manual recording forms must be transferred to machine language 
by key-punch operations Figures 4 4 and 4 5 include typical punched-card 
formats For each line entry in the manual recording form, a single punched card 
wQt be neated 

Allocation of Oierhead 

Certain categones of data,as we have indicated, cannot be directly attributed 
to particubr processes or jobs For example, these include administrative 
expenses, lent and utilities, and certain generally used supplies Figure 4 6 lists 
some of the usual kinds of overhead costs Although the costs from these sources 
cannot be determined from the foims of recording defined above, they must be 
included in the bter processing Normally, this is handled by assigning several 
costs on an a prion basis to specific oirerhead categories The salanes of 
administrative personnel, for example, would be automatically accumulated as 
an oseihead expense without the necessity of a recording operation Where a 
staff member may, dunng some portion of tune, be perfonrung direct work, that 
time will be recorded as part of a process or a job, and the remainder of this 
salary will be automatically allocated to overhead Similarly, expense items such 
as rent, utDities, and supplies will be autonutically charged to overhead as they 
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Figure 4 6 Overhead coil iccountj 


100 Salary rcUicd 
110 DencFiis 

til Social Sccurjiy 

112 Insurance 

113 rtc 

1 20 Vacslioni, leaves, holidays 
130 Nondirect time 
140 Overtime Premium 
200 Supervision 
300 Rent, utilities, maintenance 
400 Supplies 
500 Travel 

600 Depreciation of eoUcclion’ 

700 Deprecution of equipment 
800 Legal and other acrviees 


are incurred For direct personnel, the tune such as sick leave, vacations and 
holidays, and the like, which cannot be assigned directly to jobs or processes, 
Will be deterinmed by the difTerence between total salary and that charged 
directly to jobs or processes 

As a result, the total of all costs of operation-including both those recorded 
and those automatically allocated-must equal the actual costs of operation as 
accumulated in the General Account (Figure 4 7) The intent of allocating 
overhead is then to arrive at a Figure for the total costs assignable to each process 
and/or job in the library To arnve at these costs, the following sequence of steps 
are followed 

1 The costs directly associated with each line item recorded in a report 
form must be determined by multiplying the salary or machine costs by the 
amount of time spent 

2 These resulting costs are then accumulated to the level of detail 
appropriate to reporting needs 

3 The overhead costs must then be allocated, proportionate either to the 
direct salary costs, where this is appropriate, or to the total direct costs where 
other categories of expenses are significant 

The Effects of Rules for Overheal AJIoaithn The choice of a rule for the 
allocation of overhead has some unexpected effects of which the library must be 
aware— not only in the context of its own mtemal accounting but in the larger 
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Figure 4.7 Budget of accounts versus cost accounts 

Grnerat Accounts 

Gasr/IccmmR 

Accounts payable 

Direct maletul 

Rent and utilities 

Processes 

Supplies 

Jobs 

Materials 

Direct labor 

Payroll 

Processes 

Prepaid expenses 

Jobs 

Insurance 

Overhead allocations 

Depreciation 

Salary lelited 


Administration 


Indirect expenses 

Total cost of service ecuab 

Total cost of servKC 


context of any ovgatwialion oC which it k a pait The usual rule vs “allocate 
overhead in proportion to the amouni of costs for direct labor" The word 
“labor” IS italicized to emphasize the contrast with total costs The e^ect of this 
rule IS to provide positive encouragement to the replacement of tabor by other 
kinds of direct cost and, especially, by mechanization it also has the effect of 
penalizing the parts of an organization that do not attempt to use mechaniza* 
tion 

To highlight these effects, consider two departments as an organization (1) 
the library, and (2) some other depjitinent--each with comparable manpower 
and costs 

Deportmtul A 

Direct salanes $30,000 

Other costs 5^KX) 

Overhead 30/)00 

Total 565/X)0 $65,000 $130,000 

Now, suppose that Department A decides to mechanize, replacing personnel 
with machinery if the ovtihead » allocated proportional to direct salaries, the 
figures might change as follows 

Department A Department L Total 

Direct Salaries $IOJOOO $30,000 $40,000 

Other Costs 40fl00 5,000 45,000 

Overhead I5J00 45,000 60,000 

Total $65JOOO $80,000 $145,000 


DcportwcHrL Total 

$30,000 $60,000 

5,000 10,000 

30/300 60,000 
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It appears that the library is the cause of the Increase m costs' Of course, to 
some extent, this is an extreme picture, since the overhead total will probably 
also be reduced, but not usually by a comparable proportion Tlie lesson is clear 
accounting practice is almost designed to favor mechanization, and the library 
should be distinctly aware of its effects 


Input for Machine Processing 

Purpose of the Machine Processable Input An effective cost accounting 
system implies more than just recording data on cost forms Although this might 
be the initial step in the process, the full system will include procedures for the 
processing of the data and the preparation of the resulting information generated 
in report form In order to process the targe volume of data that would be 
forthcoming from the library network operations, the use of electronic data 
processing equipment is inescapable Thus, to provnlc input for this equipment, 
the data on the repotting forms must be ttansfetred to machine readable form 

Development of the Input Formal Given the library’s job control form, the 
next stage in the development of the cost accounting system is to provide a 
tnedium and format for the translation of data from that report form to machine 
readable input In the choice of a medium, it would appear logical to treat each 
activity performed by the researcher and listed on the reporting form as a unit 
record, and thus to use punched cards to hold the data, with each punched card 
acting as a unit record 


Reporting Operations 

A cost accounting system is of value only to the extent that reports useful to 
the library management can be produced from the resultant data The principle 
of such management reporting » that it makes evident long-term trends in cost, 
It highlights exceptional situations, it clarifies effects of changes and unusual 
situations, it pinpoints problem areas, and generally it allows the library 
management to maintain control, not only over costs but over the quality of 
services produced To these ends, reports of various kinds can be rapidly 
produced from basic recorded data 

1 “Reports by person,” which allow for comparison of productivity, 
particularly m terms of the “level of complexity” of work done Admittedly, 
this IS a sensitive issue, but has great importance for good library management 

2 “Reports by process” so that the cost of various parts of library 
operation are clearly and cxpbotly knovm 
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3 “Reports by job” or by type of job so that the costs of handling 
particular types of requests for references or for cataloging particular types of 
books can be clearly known 

4 “Reports by time penod” so that explicit comparisons between time 
periods can be made and seasonal variations can be exhibited 

Cost or financial reports ^ould be based on the following fundamental 
quabties and characteristics 

(a) Reports must fit the organization chart, that is, the report should be 
addressed to the individual who is responsible for the items covered by it 
and who, m turn, will be able to control those costs which fall under his 
junsdiction 

(b) Reports must be prompt and timely Reports issued long after the 
occurrence of events lose their control value Prompt issuance of a report 
requires that cost records be organized so that information is available when 
needed Delaying a report until all data is assembled can become a costly matter, 
since It prevents the executive from talcing immediate remedial measures. 

(c) Reports must be issued with regularity Executives regard the receipt of 
reports st a definite hour of (he day or week as the best means of arranging their 
plans and operations 

(d) Reports must give comparative figures, that is, a comparison of actual 
with budgeted figures or a comparison of piedetennined standards with actual 
results and the isolation of variances Other reports might compare this week's 
results with last week's or with the same week of the previous year The 
reporting of differences or exceptions is important 

(e) Reports must be analytical Merely the development of figures cannot 
suffice in the complexity of present-day management If variances indicate good 
or bad performance, the reasons for the conditions should be stated 

(f) Reports should, if possible, be stated in physical units To make cost 
reports more valuable and useful, an elTort should be trade to show physical 
units as well as dollar values 

COST ACCOUNTING AND PROGRAM BUDGETING 

Increasingly, governmental and uidustn^ organizations are turning to 
■‘program budgeting” as a means of financial planning ' ' The principles of 

"Young, Helen A. ' Ferfonoince and Piogiam Budgeting An Annotalcd Dibl>- 
opjphjr - AtA BuWeriB, 61.PP 63-07 
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program budgeting are quite atraigfitfoiwaid. The organization defines a set of 
“programs” representing the aims and objectives of its management Usually, 
there will be some ti pnon estimate of what investment management is willing to 
make in achieving each of these programs Cach part of the organization must 
then justify its administrative budget by showing how it contributes to each 
program 

For example, in a university, the library serves students, faculty research, 
organized research projects, the administration, other libraries, and perhaps local 
industry Each of these activities represents a program of service which the 
university regards as more or less important and to which the library contributes 
If a university were to adopt program budgeting, the bbrary would need to 
demonstrate the extent to which its administrative budget was allocable to each 
program-faculties, schools, institutes, tcscarch projects, and students, for 
instance Comparable examples are evident in public libraries (service to 
children, to the disadvantaged, to industry, and to other libraries), school 
libraries, or speaal libraries 

As libranes of all kinds move toward greater service to a broader clientele, 
program budgeting will become a necessity for the library itself When it does, an 
adequate cost accounting system is an absolute necessity. It is the only way to 
evaluate what each program will cost, in terms of the magnitude of service 
required For example, suppose a university decided that service to local 
industry was a significant program (perhaps represented by a research center) If 
it is undertaken, the burden on the library represented by information requests 
from industry is likely to increase a hundredfold Without cost data on which to 
project the effects on such an increased burden, the library is virtually helpless m 
justifying the increase in budget which will reafiy be required 


ILLUSTRATIVE UNfT COSTS 


As we have pointed out, it is extremely difficult to find useful cost data m 
the library literature What data are available are based on different units of 
work, different methods of measuring production and costs, and different 
allocations of overhead Therefore, to provide at least a starting point for anyone 
considenng use of cost accounting m bbraties, we provide, in Figure 4 8, a 
summary of illustrative unit costs These have been derived from a careful review 
of the literature and have been compared with the actual costs in several 
bbranes We consider them to be realistic, but whether or not they are, at least 
they can be used to highlight the effects of different methods of measurement 
and different allocations of overhead To do so, we have listed these illustrative 
unit costs in four categones mimmum, basic, standard, and burdened 
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Figure4.8 Dliistntnreuiut costs 


Nominal 

Houri)' 

Function UiutofWotk Rate Minimum Basic Standaid Burdened 


Ctneral andAdmimsmttve 

Processing /employee $3 $1S0 $2.10 $3 00 $4 00 


/4c<iuiiirion 

Selection /order 

Ordering /order 

Invoicing /invoice 


is 1 20 1 70 2 40 3 30 

$3 70 1 00 1 40 1 90 

$3 .70 1 00 1 40 1 90 


Otalogmi 
Cataloging 
Creation of master 
Printing 

Sorting and Filing 


/tiUe 

/title 

/title/cacalog 

/Dtle/caialog 


$5 

$3 

$3 

$2 


1 80 240 3 SO S 00 

25 3S 40 70 

13 18 .25 36 

13 18 26 36 


Readtf Service 

Cueulation /volume 

Shelving /volume 


$2 07 .10 14 19 

$2 05 07 10 14 


Seruit 

Receiving 

Recording 


/senal/month $2 

/renal/month $2 


10 14 .20 3S 

10 14 20 28 


Phytical Hindhnx 

Receiving /volume 

Labeling, etc /volume 


$2 03 04 06 08 

$2 12 18 24 32 


Minimum Umt Costs 

These represent the costs one would expect to find tn a time and motion 
study (avenged over a number of umts of work), based on the nominal hourly 
rate mdicated for the salary or wages of personnel assigned to the function They 
do not represent peak rates of work, but rather typical rates for actually 
handling a single urut The figures given are representative of several reported in 
time and motion studies and arc simitar to those discussed in Chapters 14 
through 18 


Ba^ Unit Costs 

These represent the costs one would expect to find as the “direct costs" (per 
unit of work) reported by a cost accounting system. They are therefore the 
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average cost per unit of work including nonproductive time (such as coffee 
breaks), inefriciencics. and variations m workload 

Standard Unit Costs 

These represent the costs for the same rates of production as the basic unit 
costs but include recognition of all “salary-related benefits,” such as vacations, 
holidays, sick leave, unallocated time, severance pay. overtime premium, 
insurance, and social security 

Burdened Unit Costs 

These represent the actual costs of providing the services of the library, 
including supervision, operational expenses (space, utilities, maintenance), and 
amortiaation of capital investments 


Suggested Reading 

There are very few discussions of cost accounting in the library literature 
which provide more than a superfiaal or incomplete picture It is therefore 
suggested that one or another baste text m “managerial accounting” be read in 
order to establish a proper framework wilhm which to view the comments in 
this chapter 

Horngren, Charles T , Cost Accounting A Mamgtml Emphasis Englewood 
cuffs, NJ Prentice-lfaU. 1963 
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Chapter 5 

MANAGEMENT PLANNING 


A mechanization program m a bbiaty w a major undertaking, tequinng a 
commitment of resource) and managemenl talent Management of such a 
program has been evolving as much through trial and enor as through design. 
This chapter outlines some of the management considerations that should be 
recognized and planned for Subsequent chapters discuss specific issues in more 
detail 

The fundamental operations that constitute the management cycle are 
diagrammed in Figure S 1 . Although phrased variously by different writers, they 
usually include (1) determination of objectives, (2) preparation of plans for 
achieving the objectives, including the development of cost and time schedules, 
(3) authorization and control of the required work, (4) monitoring and 
evaluation of progress toward the objectives, (5) identification of alternate 
corrective action as problems develop, and (6) repetition 

1 Perhaps most important, in this framework, is the fact that library 
management has the lesponabilily to establish the objectives to be achieved by 
the mechanization program, including the definition of pnoiities In doing this, 
the “systems analysis staff’ may well provide a picture of present operations and 
future possibilities, but the ultimate decision among the alternatives must rest 
with management 

2 The costs involved in mechanization are so great that budgetary 
allocations for each stage of development and implementation must be carefully 
planned Development, no matter how carefully controlled, is very Lkely to be 
delayed at a number of points. One cause, having little to do with techmcal 
problems, arises from unforeseen delays m funding This imposes a real and 
important constraint on the planning process, since the development plan itself 
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must be designed to provide for intenncdiatc systems whose operations can be 
continued even iChtej systems must be defened for an indermUe time 

3 The time schedule for development must be defined by library 
management Again, the ^tems analysis staff can provide the technical support 
by defining likely senes of events in time, but so nuny issues must be 
reconciled— many of them essentially non'technical in character— that the library 
management must ultimately determine when things are to be done. 

4 The management of the actual development and implementation itself 
rests with library administration Unfoitunately, it is a kind of management 
relatively unfamiliar to the librarian. The work is highly technical in character, 
and management of it requires a real appreciation of the technical issues 
involved Furthermore, it is usuaUy a one time "project,” rather than an 
on-gomg "operation” such as the library itself represents As a result, the 
proWems are very different from those normally encountered in library 
administration, and consequently the tediniques outlined in this chapter may be 
relatively unfamiliar 
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5 The development of a ^stem requires many compromises among 
conflicting requirements and capabilities Great care is required to avoid an 
overcommitment to the demands of orte or another specialized interest-to those 
who regard the aim as “effective utilization of equipment,” to those whose 
concern is with "cost/cffcclivcness,” to those concerned with day-to-day 
operations, and to those with some ideal of perfection Conflicts among these 
interests can be exemplified by the issue of filing rules Do we use simple, 
alphabetical sorting, which makes for efficient machine utilization, or cataloging 
code that belter fits the tequitemenis of the staff and users'* \Vlicre the conflicts 
cannot be resolved on technical grounds, library management must weigh the 
issues involved and arrive at a judiaal decision 

6 A mechanized system will introduce significant changes in the relation- 
ships among the library, its staff, and its readers The library management must 
therefore plan a program of education for the staff and public relations with the 
readers to ensure an understanding of the effects of mechanization and 
acceptance of them 

This chapter will introduce these issues of management planmng-objcctives, 
time schedule, and budget, project management, training and public relations 

Before doing this, however, it is important to establish the context within 
which management decisions will probably be made Generally, it can be 
described in this way automation of library clerical processes is not a trivial 
problem even though, superficially, they seem to be little more than analogues of 
business data processes that have now been computer-based for years There are 
vitally significant differences that must be recognized in management planning 

Libraries are concerned with files of truly enormous magnitude For example, 
whereas an inventory control file for a very large company might contain 10 
million characters, the card catalog of a typicd library will contain 10 times as 
much-100 million characters. The card catalog of a large research library wJl 
contain over 1 billion characters, and the National Union Catalog has been 
estimated at 100 billion characters' The conversion of such immense files into 
machine language is almost prohibitively expensive, but the storage and 
maintenance of them on a conlmuing basis u even more expensive— particularly 
since ready access to the catalog is essential 

Unfortunately, again in sharp contrast to business data processing, there is 
not a comparable degree of utilization by which to justify incunmg such 
expenditures For example, whereas a typical inventory control file will serve 
activity that utilizes an aveiage of lO percent of the file each day, less than 0 1 
percent of a hbrary’s catalog will be used each day There is thus a relatively 
small base of activity over which to Spread costs The investment m conversion, 
storage, and maintenance must therefore be justified by “increased benefits” to 
a much greater extent than m business data processing And these intangibles 
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provide an especially difficult baas for libniy management plannmg because of 
the limited discretionary resources usually available 

In fact, because libraries do operate on a vety mar^nal economic basis, most 
library operations are remarkably “cost<fficien! ” As a result, there is little of 
the organizational “fat” that developers of mechanized systems usually depend 
on for demonstrating economics of operatton 

Perhaps even more significant in rnanagement planning is the fact (hat library 
data processing involves the very substance of the library's functions. In this 
respect, the library’s catalog, serial records, and even its circulation control files 
are comparable to the manufacturing plant of a company and not to its 
bookkeeping records Oranges m the basic records of the library, wluch are 
almost certain to occur with mechaniration. therefore affect the character of the 
Lbrary services themselves and not simply that of peripheral accounting 
procedures It may be for this reason that Lbrary data processing involves a 
degree of intellectual judgment fat beyond that in normal business data 
processing For example, catalog fding rules are, with good reason, much more 
complicated that simple alpha-numencal sorting In factvUi this sense mechaniz- 
ing library data processmg is comparable in difiiculty and complexity to the 
development of a “total management information system” for a company It is 
therefore especially important that management plannmg make adequate 
provision for the effects on library service of the changes resulting froni 
mechanization 

Finally, as was pointed out in the preceding two chapters, library operations 
and their costs are relatively ill-defined, at least in the form required for 
mechanization Only recently have Ubranes added systems and procedures 
personnel to their staffs, and few libranes, even now, have detailed procedures 
manuals comparable to those m a business There are still relatively few people 
available who combine knowledge of bbraries with that of data processing 
Management planning therefore must recognize the necessity for adequate 
systems work, including procedures analysis, and must accommodate the 
dilTiculties in finding or (raining personnel capable of doing this work. 

OBJECTIVES. TIME SCHEDULES. AND BUDCEnS 

The first and most important step in the management of a mechanization 
program is the definition of objectives for it Because program objectives must 
be compatible with library pobcies. the library administration must begin by 
reviewing existing library poliacs, both as documented and as generally 
“understood ” In doing this, it probably will find it necessary to develop some 
new pobcies and to document many previously undocumented ones Then, the 
situation that led to the decision to undertake a modernization program should 
be analyzed Usually, these include demands for change coming from higher 
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governing bodies, requirements for new services in response to changing 
conditions, increasing backlogs that result from inadequate budgets, staff, or 
space, and intolcnbtc time delays in processing. In any case, program objectives 
must be established that reflect both library policies and current or anticipated 
needs 

The most ambitious general objective might be the orderly development of a 
“total system" that not only exploits as many of the new technologies as possible 
but does so with optimum balance ofeost, effectiveness, and compatibility with 
other (slate, local, or national) library systems A more limited objective nught 
be the documentation and analysis of existing library operations with the aim of 
limited improvement, through reorganization or simpLIlcation and through 
limited use of proven equipment techniques and technologies Very limited and 
specific objectives could include faster processing of new book orden, better 
control over technical processing routines, avaibbility of more comprehensive 
statistics, better management information, reduction in routines performed by 
clerical staff, availability of better bibkographic descriptions of the collection, 
more effective utilization of professional staff, improved reference services, 
better control over the physical coHection.reductionofpatron involvement in the 
charging transaction, and better euculation control. A typical list oflibnry com* 
puter applications, representing quite specific objectives, is shown in Figure 5 2 * 

In defining objectives, the Lbranan u confronted not only with the Issues of 
cost and effectiveness of services as required now. but he should be even more 
concerned with the quality and quantity of services required in the future (m 5, 
10, or IS years) Will the Lbrary. with its present means, be capable of furnishing 
them*’ What must be done so that the expected services will be made available? 
What lead time is required to do so"* What are the cost implications? As a result, 
the bbraiian must make predictions and projections about the future and must 
also clearly understand the present roles and purposes of his Lbrary. Admittedly, 
the dynamic development of our educational and cultural system, together with 
the revolutionary developments experienced by library science in the past few 
years, all tend to decrease considerably one’s confidence in any prediction 
Nevertheless, even poor projections are better than none, and they can be revised 
often (perhaps once every six months) in order to maintam a reasonable, though 
mmimal, degree of credibiLty 

For this reason, it is particularly important to develop objectives in terms of a 
planned progression of systems, such as that illustrated in Figure 5 3, starting 
from the present ways of doing things and leading to some ultimate system ^ 


’ Gnffm, HiUis, Notes distnbuted in lecture at UCLA, 1968 

^ New York State Library, Computer Apphations Section, Division of Electronic Data 
Processing, Plan for Automation of Library Semces in New York State. 19671975, 
November 20, 1967 
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ACQUISITIONS 

Books 

Selection tists-duplicate checking 

Purchase orders 

On order list (or in process list) 

Expedite 

Receiving 

Accounting records and check issuance 

Call down cataloging copy 

Catalog department expediting 

Desiderata Lst 

Financial status and forecast 

Historical file by 


I Vendor 

2 Date 

3 Account number 

Vender performance analysis 

Citation performance analysis 

Cost increase analysis 

Journals 

Renewal nonces (letter or list) 

Renewal orders 

4 Author 

Receiving reports-accounling records when appropriate 

Check in cards claiming 

Binding recall 

Binding bst, sbps and speciricaiions 

Bid list 

Subscription summary by 

1 Vendor 

2 Library 

Routing 

Financial forecast 

Cost increase analyus 

4 User 

Reports 

Ordering 

Assignment 

Cards 

Spine labels 

Circubtion records 

Announcement bulletin 

Printed report catalog 

Shelf bst 

Weeding list 

Fund balances 

CATALOGING 

Input to catalogcr (work sheet, piecataloging information) 

Catalog card production 

1 Sets 

Classification schedules 
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2 Sorted sets 



Subject authority file 
SlKlIUsl 

Printed book catalog 
Announetment bulletin 
Book cards, pockeU. rpfne libels 
Serial bst 


Reserves 

Activity (eg, do we 

need to order more copies) 

REFERENCE 

Bibbogrjphy preparation 

SERIALS 

Union list of serials 

1 Alphabetical by title 

2 Subject arrangement 
Union bst by bbrary 

distribution 

Addreu bbeli 

ADMINISTRATtON 

Management mrormation 

Current costs and projected costs, effect 
of projected action 

exception reporting (absence, overtime. 

high-doUar orders) 

Modebng techniques 
Personnel information 
FILM LIBRARY 

t ilm scheduling 
Delivery scheduling 

Replacement prcdiclion-afso mainlcnance 

CENTRALIZED CATALOGING INPUT 
Cataloger work sheets (proof sheets) 

Catalog cards (sets and sorted sets) 

Book selection lists (by subject, type, 
classification, etc ) 

Lists of monographic senes (by subject, 
cUssiTication, etc ) 

Lists of serials 

Lists of foreign language translations (by subject, 
clissification, type) 

Lists of reprints (by subject, ctassi/icatKHi, type) 

Book catalog inpat 


CIRCULATION 
Overdue 
Inventoiy Lit 

Location of additional copies 
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Figure 5-3 (Typical) time schedule of functions for each stage 



Time 

Functions Continued 

Functions Changed 

Functions Added 

I 

Present 

AU existing funcuoiis 
at existing levels 
of activity 



2 

In 4 

Present methods of 
selection 
cataloging and 
reference 

Punched card 
system for 
ciicutaiion 

Punched card 
system for 
ordering 

Substantul increase 
in inietbbrary 

Cooperative book 
catalog (as part 
of a library 
system) 

TWX for inter- 
library loan 

Cost accounting 

3 

In 6 1 

Present methods of 
selection and 
refetence I 

TWXfot inter- ' 

library loan 

Cost accounting 

Batch computet 
system for serial 
record coniiol 
circulabon 
control, ordning, 
and catalog 
pioduciion 

Facsimile trans- 
mission 

4 

In 10 
years 

. 


On hne computer 
system for senal 
record control, 
circulation 
contiot. 
ordering, and 

production 

Batch mechanued 
reference 

Krvices 

-including 

dissemination,'' 
computer file 


The importance of this approoch to library automation should not be 
underestimated Lbraries, as operational agencies, require that throughout 
development there must be some level of system at all times m regular, full-scale 
operahon in the bbrary Even more significant is the necessity that they be 
capable of sustained, econormc opexaUon indefinitely. There is always oncer- 
tmty both with respect to the future and m the actual progress in development 
or new systems For example, related programs elsewhere and the actual 
ai^Iabihty of technology are completely outside the control of the individual 
bbrary and. yet, are essential to its planning The progression of steps must be 
esi^ed to articulate well with those programs as they actually develop. 

Because of these considerations, such a progression should be planned around 
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a logical succession of systems that perfonn essentially the same functions but at 
increasing levels of sophistication Thercforc.il may frequently be desirable that 
less sophisticated objectives be met first, as the basis on which later systems are 
built Only m this way can the library avoid the pitfalls of overcommitment to 
some ultimate concept, on the one hand, and of a refusal to proceed {“'because 
new machinery will soon appear”), on the other hand 

The management planning task, assisted by the library systems analysis staff, 
IS to delineate the functions that arc to be served at each stage m the 
progression Some of them will simply be continuations of existing functions, 
unchanged in any substantial way Others will represent significant changes— 
such as a book catalog replacing a card catalog Still others wilt represent 
totally new services-perhaps mechanized information retrieval or facsimile 
transmission And some functions will represent the need to ‘“interface" with 
other libraries 

The CTitcria used in this planning process include (1) the economic value to 
be expected from including, changing, or even dclclingfunctions. (2) the logical 
progression in convenion from an existing function to another, more sophisti- 
cated one (for example, in transition from a card catalog to a computer 
produced book catalog to art "on-line" computer catalog), (3) the need to relate 
with other efforts in other libraries. (4) the availability of budget and personnel, 
(S) the avaihbdity and reliability of the necessary hardware and software, (6) 
the flexibility and ease of change, and (7) the consistency with the ultimate 
objectives 

Especially important is the comparable planning for the methods for 
rmaneing a project as complex as automation m a Lbrary Tlie methods need to 
be as carefully scheduled as the more technical aspects of hardware and 
software ^ In particular, it would be short-sighted to expect that the methods 
for financing that would be appropriate to an ultimate, operational stage could 
be met in earlier, experimental, and developmental stages It would be foolhardy 
to proceed as though the eventual requuements m these aspects would, in some 
way, naturally evolve from the experience dunng earlier stages 

We have already commented on the necessity to define a planned progression 
of stages Each stage must satisfy a clearly delineated set of requirements, 
appropnate to the available technology and knowledge of how to do things, each 
stage must embody an equally well-defined set of administrative and operational 
controls, and each stage should be carefully planned so as to be consistent with 
the ultimate objectives But each stage must also be based on equally 
well defined financial considerations The basis of financial support, therefore, 
should be as well planned as the tedimcal implementation of hardware and 

^ Bieman, Harold, and Seymour Smidt. The Capital Budgeting Decision New York 
MacMillan, 1960 
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software This means that the planiui^ diould include considerations relevant to 
these nnancial issues just as it will for the techmeal ones. 

In particular, cost/effecUvencss measures of performance should be the 
primary basis for evaluation, and the decision of whether to automate mainly 
should be based on a companson of costs of manual versus machine methods. 
Although cost/cffectivcness » never a simple concept, it becomes particularly 
complex when it is appbed to systems development that progresses through a 
number of stages, spread over a penod of years But this merely emphasizes the 
importance of a carefully planned progression of steps as an integral part of the 
development program 

PROJECT MANAGEMENT 

The process of development and implementation of a mechanized Lbrary 
system is complicated and involves a large number of people Therefore, the 
management of this effort must also be planned m advance, the tasks that are to 
be earned out must be assigned to a development staff; and time estimates must 
be established Cor each task with a target dale for its start and finish 

Development Steps 

The process of creating any mechanized processing system involves the 
performance of a senes of activities called steps (or phases) These steps, or 
similar ones, are commonly used in descnbing and planning computer work in 
both government and industry, and lepiesent a "natural” sequence for 
development of mechanized libraiy systems as well.* 

1 Feasibility analysts 

2 Requirements specification. 

3 Detailed design 

4 Computer piogiamming and checkout 

5 Computer program functional test 

6 Installation and implementation 

7 Mamtenance 

* Gregory, R H , and R L van Horn. AutomatK Data Processing Systems Principles 
rmcf/rocedurei Belmont. California Wadsworth, 1963 Especially Section VI 

' Brandon, Richard H , Management Standards for Data Processing Princeton N J van 
Nojliand. 1963 Chapter It 

* Mittin.Edley V/ , Electronic Data ^ocetang an /nlroduction Homewood, in. Iiwin, 
1965 Chapters 14-17 

■’ Kosove. Petty E .DerelopingComputereated/nformationSysrems New York Wiley, 
1967, pp 25-93 

Veaner Alien B , Ma/or Deasnm ftomrr tn Library Automation. Talk given at ARL 
Meetmf,Chicago.lU.l7Jant970 In College and Kesearch Libraries. 31 299-312(Scpt 
1970) 
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Each of the seven steps encompasses a set of tasks that culminate m 
milestones ot concluding events The successive completion of the tasks becomes 
an objective measure of progress achieved 

Slep I Feasibility Analysii Based on a statement of the library’s require- 
ments, an estimate must be made of the resources required for the project, a 
summary project plan must be prepared, and a cost-versus-benefits companson 
must be made During this step, the level of analysis of the bbrary’s operating 
system IS only the level absolutely necessary for cost estimation and prelinunaiy 
planning purposes 

TASKS 

Determine the general requirements to be met 

Determine the necessary development activities, mcluding the number and 

identity of any subsidiary elTorls 

Estimate the development costs for each step or task 

Check the reasonableness of estimates 

Prepaie s summary budget plan for development 

Estimate the costs of both existing and proposed systems. 

Prepare a cost-benefits evaluation of the proposed application 
Estimate the personnel requirements 

Step 2 Requirements Spcctficanon. This slep consists of the detailed study 
of the existing library system and the formulation of the operational 
requirements for the proposed system 

Tasks 

Determine the library’s system requirements in detail. 

Analyze the library’s environment including projects with which it must be 
compatible 

Determine the needed computer program characteristics 
Compare with similar systems 
Prepare performance specifications 

Assure concurrence of library pohey-makets with system performance 
specifications 

Step 3 Detailed Design Based on the requirement specifications, this step 
proceeds to the definition of detailed des^ for both the computer system and 
the library personnel involved It results m documents that detail the functions 
to be programmed as well as the operating procedures for personnel 
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Interpret the requirement specifications in terms of specific equipment, 
volume of activity, response times, and operating environment- 
Produce a system flow diagram. 

Define “interfaces” with other activities in the library or in other Lbranes. 
Specify computations, logical inanipubtions, and transformations within 
each part of the library function to be done by the machine 
Design the formats and organization of all forms and files, including 
machine stored records 

Develop requirements for editing, formatting, storing, and updating of the 
machine stored data. 

Produce documentation of the detailed design 
Define test requirements 
Indoctrinate programming personnel. 

Step 4 Computer Programmmg Based on the detailed design specifications, 
this step proceeds with all work necessary to produce, document, and test 
computer programs Included are such activities as flowcharting, coding, 
integration of individual programs into a program system, preparation of the 
data base, detecting and correcting enon, compiling or assembling operating 
programs, and listing of code It results in a completed computer program end 
product, tested for conformity with detailed speaficatjon 
TASKS 

Flowchart each component computer program 
Specify all input and output forms 

Wntc programs from detailed flow charts or other program design 
documentation 

Compile and check the program code, and make necessary enor 
corrections 

Test the performance of each indmdual program and of the total program 
system. 

Step S Computer P rog r a m FuncUond Test This step coven demonstration 
tests of the computer program system, for the bbrary management, usually m a 
simulated environment at the library Included are the conduct of the 
demonstration tests (based on test plans prepared as a part of Detailed Design) 
and an analysis of the lest rtsulte Ail necessary work to remedy design 
dcfiaencies revealed by these tests should be charged to the appropnate previous 
steps The results should be a computer program that is proven to be m 
conformance with the detailed design specifications and accepted by library 
management 
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Conduct the test accoidinj to plan 
Analyze the test results 

Initiate any modifications needed forcomputci programs 
Document the test results 
Establish change procedures 


Step 6 Installation and Implementation- This step covers all work necessary 
to install the system at the library It includes (raining as well as activities for 
convcniot) from the existing manual operation 
TASKS 

Prepare documentation for the library staff 

Supervise the conversion of data required to make system operational 

Develop a training plan for the library staff. 

Conduct a training program 

Step 7 Maintenance System maintenance Is required for improving, 
changing, and correcting operational computer programs Revisions are needed 
because operational requirements are continually changing dunng both the 
development and operation of the system. Although operational needs are 
projected dunng requirements analysis, in most cases they can be neither totally 
defttwd Tvot totaWy smpUmented m the imposed Ume whedulet Alto, 
corrections must usually be made to the computer programs because errors and 
operational deficiencies not detected in the routine testing of the programs are 
usually discovered when the system becomes operational Much of the work of 
program maintenance personnel must be devoted to the handling of emergencies, 
the remainder must be devoted to modifications required to meet environmental 
changes 

TASKS 

Develop a maintenance plan and an organization 

Provide continuing commotucations between the library operating staff and 

the computer programmers 

Process system changes 


Work Breakdown Structure 

The formulation and documentation of such a comprehensive program 
requires the definition of a “work-breakdown structure” and an associated 
cost-accounting structure The work-breakdown structure is a technique for 
showing the component tasks of a library development project in successively 
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greater detail Usually the tasks arc related to the comparable detail in system 
descnption, as outlined m Chapter 6 As a basis for effective program planning, 
it ensures that no major program activity is overlooked It provides graphic 
representation of the relationship of the various components of a complex 
pio^am to each other and the aduevcment of stated program objectives 
Finally, it provides a convenient means for monitonng progress toward achieving 
the objectives of a program 

The work-breakdown structure, presented in Figure 5 4, illustrates how a 
typical major development program at a large research bbrary might be dissected 
into successively more detailed component parts In this example, the total 
library system has been subdivided into Ibtec major subsystems and two tnajot 
control activities, represented by the five blocks m the second level of the 
diagram Each of these five subdivisions has then been further dmded into more 
detailed elements, which represent work of a manageable size for program 
control Each such “work package” must then be considered withm the tasks of 
the seven steps m development In summary, the work breakdown structure 
produces a classification of work as follows 
Library System 

Component Subsystem 
Step 

Task 


Figure iA. Library lyiceint devetopment program work breakdown itructure, 
(and cost accounts structure) 
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Program Evaluation and Review Technique (PERT) 


The “Program Evaluation and Review Technique” (PERT) is a weU-developed 
analytical too! used to control activities of this kind ’ Essentially, it is a “flow 
chart”, tied to the work breakdown structure, m which the time dimension 
an espeaally important role It has patticubr value in helping to determine the 
sequence of events that represent the longest delay in project schedule, called 
the “cnticalpath”in the development. Its general value to the hbrarian is the aid 
that it wiU give him in making the most effective use of the time and resources 
avaflable 

The mechanics of preparing a PERT diagram are relatively simple Probably 
the best way for illustrating the process is to review a typical eicample based on 
the work-breakdown structure of Figure S.4. In it, individual tasks have been 
identified. The next step is to determine the activities required for the 
completion of each task and to speofy milestone events by which to measure 
progress. Figure 5,S lists some typical “program activities,” and includes 
representative estimates of time and manpower for completion of them ' ” 

Once the mdividoal tasks and corresponding imleslone events have been 
identified (through the work-breakdown structure or otherwise), dependencies 
among them must be identified. That is, the initiation of each activity will 
require the completion of one or more pnor activities These time dependencies 
can be visually shown by the sequence, from left to nght, of the corresponding 
events, with arrows going to an event from all pnor events necessary for its 
initiation 

The real value of the PERT chart lies is the use of time estimates for the 
completion of each acuvity Usually, these estimates are expressed as both a 
range (from most optimistic to most pessmuslic) and an expected, or most hkely 
value like that shown in Figure 5 6. When such estimates have been developed 
for each activity, an “elapsed-tmie” analysis can be produced The example in 
Figure 5 6 shows the estimated date of completion for every event m the 
program These elapsed times are determined by adding together aU the 
esumated times for completion of each in the progression of activities and 
determining for each event the cumubted elapsed Ume to that point AVhere 
several sequences of activities converge on a single event, the sequence requiring 
the longest period of time determines the cumulative elapsed lime until that 
wnt In other words, all sequences of activities on which a subsequent activity 
depends must be completed before that activity can be commenced Those 
sequences leading up to an event, which require less time than the longest one. 


- vmotu, Nttwork Based Management S) stems 


* Archibald, Ruse]] D . and R : 

(FERTIa-Sf} New York Wiley. 19^7 

naonmg for Ubraiy Systems Devetopment.” /ewnijf 
of Ubraey Atitomanon 2 (4)(Decemhei 1969) pp 187-217 
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Activitinandcidmaics 


n 

Number 

Program Aclivities 



ISI 

B 

IB 

IB 

IB 

Bi 

A 

TOTAL SYSTEM CONCEPT 

■a 

m 

s 

K 




Aswmbic documentation 

s 

201 

20( 

lOi 


- 


Document organuation 

2 

100 

100 

201 

- 

- 


Document system 

10 

100( 

I00( 

801 

- 

- 


Policies and objectives 

5 

I0( 

IOC 

20( 

- 

- 


Define system rcqulrerrKnts 

t 

200 

- 

100 

- 

- 


Total system concept 

I 

IOC 

sc 

IOC 

- 

- 


Implementation plan 

2 

too 

so 

100 

- 

- 


ORDER PROCESSING MODULE 

26 

I50C 

I60( 

200C 

300C 

800 


FormuUte objcclnes 

3 

100 

to 

10 

- 

- 

2 

Document operations 

A 

too 

so 

20C 

- 

200 


Analyte and summarue 

3 

100 

so 

200 

- 

100 


Design concepts 

1 

so 

so 

100 

100 

- 


Design spccincations 






- 

6 

Design and develop 

12 

600 

200 

600 

ISOO 

100 


Assemble components 

1 


10 

too 


- 


Teat Design 

J 

SO 

- 

90 

ISO 

- 

9 


2 

100 

1000 

IDO 

ISO 


10 

Follow-up evaluation 

1 

so 

20 

100 

200 

- 

11 


1 

so 

so 

)00 

300 

» 

12 

Document design 

3 

200 

ISO 

300 

SOO 

- 

C 

SYSTEMS and PROCEDURE MODULE 

18 

1000 

3000 

700 

200 


D 

MATERIAL PREPARATION MODULE 

6 

200 

200 

SOO 

SOO 

- 

E 

CIRCULATION MODULE 

18 

2000 

2000 

2000 

3000 

2000 

F 

LIBRARY ACCOUNTING MODULE 

12 

OOO 

SOO 

000 

2000 

- 

C 

USER EDUCATION MODULE 

18 

000 

400 

500 

2000 

- 

H 

INVENTORY CONTROL MODULE 

6 

100 

300 

SOO 

300 

- 

1 

PERSONNEL CONTROL MODULE 

12 

1000 

SOO 

1000 

700 


J 

CATALOGING MODUI E 



1000 

:000 

1000 


K 

MATERIALS SELECTION MODULE 

12 

OOO 

200 

000 

OOO 

- 

L 


18 

000 


2000 

000 


M 

REFERENCE MODULE 

24 

000 

2000 

000 

000 

- 

N 

INFORMATION RETRIEVAL MODULE 

36 


000 

000 

000 



*1. Libraiun. 2, cletk-typiit. 3, analyrt.4, proerammet. aixl 5. general assistance 


have slack time (waiting time) built into them This can be used for 
Jidjusting schedules in order to concentrate effort on other tasks or to minimire 
peak manpower, equipment, or facilities loading 

When the elapsed time analysis is complete, it may be determined that the 
total elapsed time estimated for the program is incompatible with the required 
program completion date. If this happens, it will be necessary to remspect the 
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FiguieS 6 Sy Hem* development pTOEram Khedule 



project MitugvmfKt t]7 


program logic in an cfTorl to tdcnliry actmties originally planned to occur in 
Sequence which can. In fact, occur in pnllel Such a change in the plan, 
however, will altnosl always impiy an increased nsk of failure to perform as 
planned Sometimea it will be potsiWe to compentale for the Increased risk by 
adding additional backup efforts or by assigning the same aetmly to two 
different groups for simullaneous, paraltct perfomiance. On closer scrutiny it 
be found that some of the activities ongmally thought essential are. In fact, 
only desirable and can be eliminated from the plan entirely Eventually, this 
strategy will force the planned program elapsed time to be compatible with the 
program completion date specified by the program ritanaget. 

l^'est. It IS necessary to analyie each week of activity in the planned program 
to determine what level of manpower ot special facilities will be required. This 
has been illustrated for the example and plotted in Figure 5.7 as a function of 
htrie During the first weeks of the ptognm it will be noted that there arc heavy 
demands being made on various categories of manpower, and that later m the 
program there are periods when pnclically no demand is made for the saw 
categones of manpower It frequently is possible to irtninuze the peaks by 
some of the activities to later times when fewer demands are being 

made 


Cost Accounting and Control 

An integral part of the planning function Involves the budgeUng and control 
of available funds among the various program activities A convenient structure 
for doing this is the work-breakdown structure itself- During later stages in the 
planning, all of the specific aclivilies required to accomplish program objectives 
'«11 be idenufied as parts of individual blocks in the work-breakdown structure- 
Each of the tasks (ot portions of a task) may. in turn, be assigned a cost-account 
number for which funds may be budgeted. The six-posilion code shown in 
figure 5 8 should prove satisfactory m most instances One «» 

fnf step idenufication Obviously, the number of positions for *e other enUiw 
requued by a Ubrary would be a function If its own particular to 

r.rnirr 

pro"SlE%Tm,'"ttey’“ho'iW »»>«!'"«' •I''" n-'”’-'"™ con,»t,ot„ md 

.4Mf, ,he „,„cco»nt.ne 

Eac? cost fman hours ot materials dollars) is posted periodically 

'S.;”' m ,„d;«du. ... .d« 

toeetWT m <ufh a wav as to provide cumulative cost records at each one of the 
summary levels m the cost-account stnicture At the highest level in Ae 
strS«. the total cumulative c«t for the ent.m program is summarized This 
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Figure S.8 Typical »ork numbctlng for cosl data collection 
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number is plotted on a program status chart and monitored closely by program 
management Any significant devutions of actual cost or performance from the 
planned cost/pcrformance curve is the signal to program management to initiate 
appropriate corrective action 


education 

Among the most important actmlies that should be included m project 
planning is the education of both staff and users m the operation, implications, 
and effects of the system It is necessary for several reasons 

1 The staff ate rightly concerned about the effects that automation v,ill 
have on them personally Unless they have a sense of involvement, this concern 
can develop into outright feat and antagonism A well-planned program of 
education, scheduled to proceed in parallel with the development project, can 
help to overcome this concern 

2 The staff will need to change many of the ways in which they have 
carried out their assigned tasks Some of the tasks themselves may even change 
In principle, the procedures manuals and task descriptions generated as part of 
the programming work dunng development are sufficient to show each staff 
member how the work should be performed Actually, of course, intensive 
training is usually required, if only to show each person how his work relates to 
the system as a whole In this respect, it must be recognized that while 
automation of clerical processes may not change the basic professional content 
of librarianship, it will change much of the detail Even professionals, therefore, 
will need to see why these changes may be necessary and how they relate to the 
major objectives 

3 Directly related to the second reason is the fact that, many times, only 
the staff IS really m a position to recognize a serious flaw in an operating 
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procedure. Unless they have been given the opportunity to see what the 
purposes are, they can hardly begirt to bring out what would otherwise be only 
intuitive feelings that “something’s not r^t ” 

4. Any change of system (even from one manual method to another one) ts 
bound to produce temporary traumas Failures, changes from the famibar, 
bruises to esthetics— all are bound to occur, »f only because something is new. 
Therefore, particular care must be taken to prepare both staff and readers for 
these traumatic effects This means that not only is a program of education 
needed, but “pubbe relations" is needed as well 

For all of these reasons, education and public relations should be planned as 
an integral part of the development program Because of the importance of an 
educational program, some of the considerations to be planned for are discussed 
m Chapter 8 

Suggested Readings 

Ot the references in this chapter, several are especially good summaries of 
Issues and techniques in the management of data processing development: 
Aictdhald, Russell D . and R. L ViUoru, Nerwork-flejed hianagemeni Syitems 
(PERTICPSt) New York. Wiley, 1967 

This u probably the best available summary of the vantty ot presently 
available techniques for pro;ect management It provides the reader with a 
step-by-step guide through the process of creating a management “network,” of 
mamtamuig it, and of using it 

Gregory, R H, and R L. Van Horn, Automalic Data l^eetnng Sytteitis 
Belmont, Cahlonua Wadsworth, 1963 

An excellent summary of all aspects of data processing system development 
and use 

Rosove, Perry E , Developing Compuler-Baaed Information System! New York' 
Wiley. 1967 

Although the emphasis of the book u on nuhtary “command and control" 
systems, there are many analogies with libraries and information centers. It is 
based upon the wealth of experience created at System Development Corpora- 
tion in nrtuaUy all aspects of this kind of work 



Chapter 6 


METHODS OF SYSTEM 
DESCRIPTION 


INTRODUCTION 

The central process m library systems analysis and design is that otdesrnption 
It IS the means by which the library, with all the complexity inherent in any 
actual organization, is represented to a form that can be communicated, 
understood, and modified This chapter discusses the methods for system 
description First, however, there is a cauUon the process of descnption is, by 
Its nature, analytical The library is represented in terms of its constituent parts 
and those parts in terms of their parts. As a result, many important relationships 
within the library may be lost or distorted Furthermore, the very way m which 
the result is organized will impose its own bias on the picture that it presents 
However, despite these limitations, desaiption is essential, since without it the 
library can be viewed only through personal experience and intuition 

The task is to develop a picture of the administrative and operational 
structure of the Ubrary that will present the functions performed, showing the 
relationships among them and who does them. The results are especially useful if 
they are m a form that can be manipulated, since the system analyst wants to 
expenment (on paper, at least) with altematiws He wants to see what the 
effects may be of eliminating fimctioiis, of combining and simplifying other 
functions, and of changing the assignment of them to parts of the library’s 
administrative structure. He wants to see what changes may be necessary and 
appropnate for the introduction of a new, mechanized system In carrying out 
analyses of this kind, the anaiyu uses the repiesenfation of the hbrary as his 
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Starting point and, from it, generates new lepiesentations that show how the 
alternatives would look 

The issues of concern m desenpbon can be grouped in terms of four 
“dimensions” and four sets of “parameters” (or quantitative characteristics) 

The “Dimensions of Description” 

The dimensions of description arc the aspects of a library and its operation 
that constitute the prinapal means for developing and organizing the description 
of the library (1) data files, (2) functions, (3) time, and (4) components 

Data Files The representation of a bbrary must show the “data files”— the 
collection of books, the catalog, the vendor files, the circulation files, and the 
like These form the basis for all of the library’s services and are affected by all 
of the library’s operations 

funefionj The work of a Ubtaiy is earned out by the performance of a 
highly interrelated set of functions upon these data files At a gross level they 
include selection, acquisition,catalogmg. filing, reference, and circulation These 
must be defined in detail, including the functional relationships among them 
Time Processes occur in sequences in time and, frequently, at prescribed 
points in time (like “once a month”) It is therefore essential that the 
representation show these relationships in time 

Components The operations m the library are performed by people and 
equipment, organized into administrative units These functional “components” 
must be described, together with their organizational relationships and the 
assignments ofopeiations to them 

The Forms of Descnption 

Representations take many forms Some are essentially verbal— for example, 
policy and procedures manuals, )ob descriptions, and high-level computer 
language programs Others are essentially graphical Some are concerned with the 
structure of the bbrary with respect to only a single one of the four 
dimensions-organizalion charts or file structures, for instance Others are 
concerned with the relationships among several dimensions 1 he set of patterns 
for description is summanzed in Figure 6 1 m terms of the way In which the 
four dimensions ate represented Each will be discussed m detail later in this 
chapter, but to provide an overview, we will outline them bnefly 

Organization Oiarts These graphically show the internal structure and the 
relationships among the organizational components of the bbrary, usually m the 
form of an administrative hierarchy 
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library-ihc components with which it docs its work and the organizational 
relationships among them 

2 Tlie forms and files by which the results of library processes are 
recorded, communicated, stored, and controlled will be described This involves 
accumulating samples of forms, analyzing the relationships among the data 
elements recorded on them, and deieimimng sizes, numbers, and amounts of 
activity for them Tlie result is the desaiption of dimension one of the 
library-ihe data it processes, and the relationships that each form of data bears 
to the others 

2 The operations will be described This involves a detailed examination of 
the flow of work through the library and the creation of “flow charts,” "Gantt 
charts,” and the other graphical descriptions of processes and their interrelation- 
ships The result is the representation of dimensions two and three of the 
library-its functions and their liming 

4 Finally, data will be accumulated on file sizes, amounts of activity, 
processing times, and eosts-lhe parameters of the library 

DESCRflTION OF LIBRARY ORGANIZATION 

First step is the description of the administrative and physical 
organization of the library An organization chart is a graphic picture of the 
vanous administrative entities (for example, divisions, branches, and depart- 
rrtants) that make up an organization, showing their hierarchical relationship In 
surveying the library, the first step is to trace the organization chart at a very 
abstract level, then more detailed organization charts will be drawn Of 
particular importance are the points m the organization where decisions of one 
kind or another ate made 

There are at least five methods m use for organization of the administrative 
structure of libraries 

I • By function (cataloging, nrculation, and Tcferencc) 

2. By subject (biology bbrary, arts library, and physics library) 

^ By material (books, reports, imcroforms, periodicals, and maps) 

^ By location (mam library and branch libraries, for example) 

5 By objectives (undergraduate hbiaty, research library , and the Lke) 

Most libraries have found it necessary to employ a combination of several of 

these methods in developing their organizations, with one method bemg used as 
» basis for departmentalization at one level m the library and another being used 
to departmentalize the subunits 

The division by function, however, rs a particularly useful one for description, 
though It may not coincide with the actual admimstrative organization. 
Since It leads directly to the subsequent step description offiles and processes 
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The “Parameters of Description" 

The parameters of description are the quantitative charactenstics of the 
library that are needed to represent the magnitude of the processing task that it 
mvolves (l)size, (2) activity, (3) processmg time, and (4) cost. 

Size The data files are formed from various numbers of records (of vanous 
sizes) and are stored m vanous sequences In order to describe them, these 
quantitative characteristics must be determmed and specified 

idcnvify The frequency wth vihich the processes that the library cames out 
are performed must be characterized by an amount of activity (during some umt 
of time) for each (For example, “books circulated each day,” “titles cataloged 
each month,” and so on ) These activity figures represent the work load placed 
on the library Usually, they are subject to wide changes from hour to hour, 
month to month, and season to season. The determination of them must 
therefore recognize this statistical variation 

Procezsmg Time The execution of a process itself takes time, and therefore 
the description of the process most include a paiamtter of “processing tune 
Furthermore, since this is time spent by a person or a device, it becomes a 
commitment of tune by the component of the library involved (Incidentally.it 
« important to recognize the twofold role that “time” plays In one respect, it is 
a dimension of description, to which the time*sequential relationships among 
processes are tied, in another respect, it b a quantitative charactenstic of the 
individual process ) 

Cost Finally, the costs of the individual processes and components of the 
Ubiaiy most be deteimmed-porchase costs for the collection, costs fot 
penonnel and equiprnent, costs for each process, and costs for buildings and 
capital equipment Usually, it is the need for this kind of quantitative data, m 
order to provide adequate description of the library, that leads the system 
analyst to place so much emphasis on a “cost-accounting system ” 


The Steps in Description 

In summary, the aim is to create a representation of the hbrary that will be 
useful, that will properly relate files, processes, components, and times, and that 
wiB contain adequate and accurate quantitative characteristics. In order to do 
this, the following natural steps usuaHy will be taken 

1 The administrative and physical organization of the hbrary will be 
described This involves creating organization charts, policy manuals, and 
penonnel job descnptions The result is the descnption of dimension four of the 
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Iiguit6^ Publu;«fvh.v«iub9s(cm 


^lechomzcd Semcei The mechanized services operations could include the 
sctivities directly related to the development, operation, and use of data 
processing equipment and mechanized data bases (sec Figure 6 5.) 



riguiebJ Mechanized services subsystem 


‘Sen’icc* The staff services r^rations include all of the activities that 
*re integral to the adrmnistration of the library system, but are not peculiar to 
®ny of the other three operations Some of the functions within the staff services 
Operations include services to all of the othen; in this category fall such 
‘Unctions as budget control and personnel Those pnmardy concerned with the 
overall operation include the remaining functions public relations, editorial 
'ooidination, policy and planning, budding (their planning and management) 
ISee Figure 6 6.) 

When the organization chart is ready, a list of the functions of each of the 
°®paitments should be compiled (F^re 6 7) and, for each type of employee, 
job descriptions must be created 
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Typical Library Functional Organization Chart 

A library system structure nught dmde functions into “staff services’ 
(associated directly with the Librarian), “processing services,” “public services,’ 
and (in the context of a library using computer-based operations) “mechamzed 
services’’ (Figure 6 2) 



Figure 6 2 Typical bbiaiy-systcm ilructure 


Processing Seriiees The processing services operations consist of all tl'* 
activities necessary for acquiring and preparing library material for use by >ts 
patrons All of the acquisitions, cataloging, and physical preparation of materisl 
acquired by the library are functions presently included in processing operations. 
The substructuring of the processing services operations is illustrated by Figure 



Figure 6 J I’mcesnnereivtccr subsystem 


Public Services The public services operations consist of all the activities 
necessary for providing bbrary matenab and services to library users All of the 
reference, circulation, and vanous branch library service opierations functions 
presently are included in pubhc seraces operations The substructunng of the 
pubLc services operations is illustrated by Figure 6 4. 
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must be developed The performance of hbrary functions may be handled at new 
locations (for instance, remote input of recommendations for new purchases, 
and the like) Because of the availability of brand new capabilities, even the 
objectives of the organizational unit* themselves may change The organization 
will therefore need to reflect the changes in processing requirements resulting 
from the changes m the unit’s objectives 

An ideal organizational structure would presumably represent, as nearly as 
possible, a logical division of functions However, capabilities of available 
personnel, when matched against the new requirements of the library, will imply 
that there are some jobs for which there is no obvious candidate, that there are 
some personnel that do not seem to fit into the organization anywhere, and that 
some of the “obvious” assignments would have disastrously demoralizing effects 
on the concerned individuals 

^ill It be necessary to hire new people with the requisite skills not possessed 
hy any of the personnel in the present organization’ Should certain individuals 
be transfened to other parts of the library? Can any of the existing personnel 
acquire the new skills requited through special training programs’ Can 
temporary multiple assignments be trade to some individuals until more 
compatible solutions can be worked out? Should the organizational structure be 
modified to accommodate particularly competent individuals m the orgamza> 
tion’ It IS necessary to consider all such alternatives fot organization of the 
hbrary to create a compatible and relatively efficient structure Unfortunately, 
few rules are available to the adnunistrator faced with such a set of complex 
problems The process of dealing with people is sull more art than science 


description of files. FORKtS. AND DATA 

There is a kind of hierarchy in the data that a library processes Files consist 
of records which, in turn, consist of data elements Specifically, an “information 
file” IS a collection of data having a toramon purpose and a common use, stored 
in an organized manner and processed by the library A hbrary will maintain 
many information files the bst of patrons, the catalog, records, bibliographical 
lists, vendor files, and the loan file are just a few examples. 

Files are built up from records.frcqoently called "forms" (for instance, “order 
form”) The usual means of descnbmg a file is to specify exactly what records it 
contams and what their sequence is The specification of the type of record is 
the task of “forms design ” It involves not only description of the data m each 
record type, but definition of their xquentx and spacing m the record, the 
number of characters and the rules for recording them, the number of copies, 
and other issues relating to the phjrsical form itself 

The variety of forms is as great as the methods for storing data—pnnted, 
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Figgre 6 6 SUTf seivices subsystem 


Administrative Changes in Orgamration 

Any tnajOT change in the Ithiaty system will he accompanied by 
changes in the organizational structure associated with that system * 
functions of an organizational unit may change radically Some signifieen 
operations previously handled manually (for instance, finanoal accounting) may 
be performed by machines in the new system, while entirely new functions (for 
example, key-punching and report distnbution) may need to be undertaKen, 
types of materials handled by a unit may change New reports generated y 
electromc data processing machines will require special handling, and procedur 

Fifflie Sample L»l ot tuncUons AcqouiUotiJ Depaitavent 


1 Receive tequesis tor pucchasine items for the library 

2 Verify requeslor’eaulhoniy. 

3 Verify avadabdily of funds 

4 Approve Miejecl requests 

5 Check requests for accuracy and correct them 

6 Survey pubbsheis. jobben, or dealers for requested items. 

7 Prepsre and send oiders 

8 Order LC caids. 

9 FoUowop oideis 

10 Receive items and check for concurrence '^th orders 

11 Prepare forms for routing received matepels 

12 Roule Items received 10 cataloging department 

13 Maintain statisUCs 

14 Maintamrecordsandaccountsorvendors 

15 Pay bins. 

16 Conduct and negotiate purchases of collections 







Figure 6 8 Record Type Dcsctirtion Record Type Sheet 
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punched, and magnetic— and as great as the tasks to be done— ordering, 
catalogmg, accounting, and circulation Therefore, records imy be punched 
cards for circulation control records, magnetic tape records for document 
desaiptions, typed order sheets, and punched tape copies of catalog cards 

The design of efficient, economical forms m itself requires evaluation and 
analysis The objectives are to develop forms that are legible, simple to use, and 
efficient to prepare To assist in meeting these objectives, there are general 
principles of good design, applicable to the forms of any system but particularly 
appbcable in a mechamzed one.* 

1 Every effort should be made to control and limit the number of 
different forms and copies of fonns. It is pertups obvious that superfluous forms 
are uneconomic, but the important reason is not simply the waste of paper, 
unfortunately, a form by its very existence creates processes— to record data on 
it. to carry it through subsequent operations, to file it, even to get nd of it —and 
a superfluous form creates superfluous operations 

2. Every effort should be made to uliUie common data as much as possible, 
so that a single recording of an item of data can be used to satisfy all later uses, 
either directly or through mechanical copying To facilitate this, it is very 
desuable that a speafic item of data appear m the same position m all forms to 
which It applies 

3 All records should therefore be designed with as nearly the same 
sequence and positioning of data items as possible In this way, transfers from 
one form to another, whether manually or by machine, can be made rapidl/i 
connstently, and with a minimum of error. 

4 To the end of further reducing erron, forms should be designed to be 
self<\planatory and to facihtale detection of errors when they occur. 

Figure 6 8 piesents a typical sheet for description of types of records m a 
library system * U shows the following mfoimation. 

1 RECORD TYPE NAME This IS a umque name for the record type 

2 RECORD TYPE NO This IS the unique identifying number for the 
record type 

3 OTHER NAMES USED Frequently used alternate names and synonyms 

are bsted 

4 Layout no Layout k the physical format of a form; each is 
identified by a layout number TTie layout is independent of both the forms 
using the format and the data withm the format Several form types may us® the 

* Brandon, Richard H . Wtfnagemear Standardi for Data Processing Pnneetor*. N J ' 
Van Noilrand, 1963 

* Jirfertnee Afanual on Form and Offd Deapt InteraaUonal Buaness Machines, J96I 
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Data 

Items 


Order 

ronn 


Call number 

Author 

Title 

Dorrouei ID 
Vendor ID 


X 

X 

X 


Calato; 


X 

X 

X 


Circulation 


X 


X 


As shown, types of records arc listed aaoss the top, the data items, along the 
side (Care should be takert to include every record type, even intermediate 
worksheets, reports, sources, and the like and. similarly, to include every item of 
data found on any type of record ) By checking each item under every type of 
record to which it applies, one can readdy see what data are common, what 
forms are similar and how they differ, and what data are superfluous because 
they are used only once, for instance 

As a further aid, the entries that must be generated by a manual typing can be 
circled in one color pencil and those that can be generated by mechanical 
copying with another color pencil In this way. the points of Initial entry of data 
are clearly exhibited 

In addition to these more or less quahtative principles, there are some 
quantitative factors that must be recognized In particular, the number of 
characters required for each item of data-the size of the “field” in which It 
must be recorded-should be determined For example 
Number of Characters 


Minimum 95tb Percentils Maximum 


Call number 4 

Author ( ID 

Title , 10 

Borrower ID ( 6 

Vendor ID 3 


6 10 

20 50 

40 100 

6 6 

3 3 


This IS especially important in automated systems that must fit withm 
Lmits— such as those of the 80 or 90 characters on a tabulating card, for 
example But it is also necessary, in manual systenu, to assure that adequate 
space IS allowed m the record for such items as “name” or “address ” 

It IS desirable, as a principle, to locate data for easy transfer from one form to 
another As a specific issue in the design of forms, therefore, positions should be 
defined for the data so that the location and sequence of identical data will be 
consistent from one form to another 
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same layout number, with the iklds differently interpreted on each. Layout 
numbers defme physical locations of fields and field chaiactensttcs, permitting 
relatively flexible form design for a senes of forms having the same layout 
number 

5 RELATED RECORD TYPE NOS These numbers identify related record 
types 

6. NO. OP COPIES This figure includes both the number of copies 
prepared with the original and the number of copies later reproduced 

7 MEDIA This entry displays the media employed in origmal and later 
reproduction 

8. HOW PREPARED This describes the means by which basic fields are 
entered on the origmal form (by hand, typewritten, card-punched, etc ) 

9 OPERATIONS INVOLVED IN This is the identifying number of each 
operation using the form as input or output. 

10 REMARKS Enter here all supplemental data on record type definition 
or handbng (security, access, and so forth) 

1 1 NO The identifying number of the data element can be any number 
from 01 to 99. The form number and this number umqueJy identify the data 
element for later reference 

12 DATA NAME. This 1$ the title for the data element 

13 FREQUENCY Three types Of entries appear here If the data does not 
appear on every form carrying this record type number, the frequency of 
appearance is entered as a decimal fraction If the data appears once on each 
form, the entry is I, if more than once, the number of appearances, or the 
possible range and average, is entered Whenever a range is entered, the average 
must also be noted 

14 CHARACTERS These fields show the minimum, the 95th percentile 
(that IS, the number of characters which 95 percent of the records have fewer 
than), and the maximum number of chaiacleis m the data element 

15 a/N Enter A for alphabetic, N for numeric, and AN for alphamenc 
(including special symbols) 

16 ORIGIN Enter the operation number for the operation that either 
initially accepts the data element into the system, or onginates the data 
Operations that merely post the daU to the form are not entered 

A picture of the degree to which data elements are common from one form 
to another can be provided by the use of a relatively simple technique- the 
Data Structure Matrix ” Copies are acquired of each of the forms used in the 
library, with actual data recorded on them. A chart or worksheet should be 
prepared, in the form of a matnx, similar to the following much-abbreviated 
illustration 
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Forms and records are stored in files, which must also be described A “file 
sheet” for doing so is shown in Figure 6.9 ^ It provides the following 
information about each file. 

1 FILE NAME. There is a unique name for each file. 

2. FILE NO. There is also a unique number for the file. 

3. LOCATION The name or number is given for the orgaiuzation housing 
the file (or portion of the file) and the physical location if pertinent 

4 STORAGE MEDIUM This IS the type of housing for the file, such as tub 

file, tape storage cabinet, and three-ring binder This entry is mdirectly related to 
the medium of the information itself. 

5 ACCESS REQUIREMENTS Several types of information appear here 

who is or is not permitted access to the file, clarified by job titles or by such entries 
as “nulitary-Top Secret” or “Company Confidential”; the availabihty of the file, 
in terms of what hours and how long the file is open daily, and access 
characteristics, mcludmg how often and how quickly reference must be made. 

6. SEQUENCED BY File sequence keys are desenbed in this field. Fd® 
sequence is desenbed by minor key within intermediate keys w*/»« major key. 
A file of open book orders mi^t, for example, be sequenced by transaction date 
within book order number within branch library. Sequence keys are sometimes 
not contained m the forms themselves, yet must be desenbed in this field In the 
ease of the book orden, transaction dale ndght be missing from the forms, new 
transactions would be filed in back of existing transactions within the book 
order number and branch library sequences 

7. CONTENT QUALIFICATIONS Details are displayed on file contents if 
file name is not sufficiently descnplive A file named “Book Order File” might, 
for example, be qualified as book orders forvendon withm 2S miles. 

8 HOW CURRENT This gives (he age of transactions when entered in the 

file 

9 RETENTION CHARACTERISTICS Removal rules for each type of 
form in the file are entered here 

10 LABELS These identify the file, carrying a code or phrase such as 
"shelf-list roll” to uniquely establish ihe file idenuty Other information, such as 
date, number of records, and so forth, is often earned as well. This entry i* 
particularly used for magnetic-tape files 

1 1 REMARKS Noted here ate nusceQaneous data and problems such as 
rapidly expanding size, excesnve or inadequate retention cycles, or need for 
duplicate files differently sequenced 

12 SEQUENCE NO. This gives (he relative sequence number for order of 

records withm the sequence keys of the file (for files m which multiple records 
are filed together) If report A and report B are to be processed for a common 
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; Machines. 1961 
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master report C, and report A must be filed in front of report B, then it is given 
sequence number 1 and report B is given sequence number 2 

13 RECORD NAME This shows name and number of record appearing in 
the file The name should conespond to the name on a related form sheet. 

14 (VOLUME) PEAK The peak number of this type of form in the file is 
shown 

15 (VOLUME) A VG The average nurhber of this type of form in the file 
is shown 

16 CHARACTERS PER RECORD This field displays the size of an 
average record The number entered here is the total of each data element's 
character count multiplied by frecjuency, if a range and average appear, the 
average is used. 

17 (CHARACTERS PER FILE) AVC The average file Size for this record 
IS given Multiply the character count per record by the volume average to anive 
at this figure 

18 (CHARACTERS PER FILE) PEAK The peak file Size for Hus record 
is given Multiply character count per record by volume peak to arrive at this 
figure 


DESCRIPTION OF OPERATIONS 

The description of operations” provides the means by which the organiza* 
tional components of the library, the files and forms that constitute the basic 
data and the operations are tied together m a coherent picture To do this, data 
must be acquired about the operations and then organized in one of many ways 


Data Gathering 


Basically there are two methods for learning what the processes in the library 
are (1) following forms through successive pto«sses and (2) obsemng what 
individual machines or people do 


Processing of Farms This is the simplest and probably the most effective 
means of learning what the Lbrary*, processes are. As each form is acquired, a 
Mmple of It IS followed and observed as it moves through the library. As the 
oiTO progres«s. things are done with it, it is ongmated. data is recorded on it. it 
ffora one loauon to another, it is filed, it is retrieved, data arc 
deti u ” destroyed As each of these occurs with the sample. 

htniU was the process’ When did it 

It n^ed’^” affected’ Wlien was 

It IS useful to record each of these processing “events” by identifying the data 
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Procedural Analysis 

The resulting data can then be analyzed, usually by arranging them in a 
vanely of ways For example, the observations can be grouped and sorted by 
categories of forms, or processes (for instance, all “record" processes brought 
together), or by category of personnel (for example, all “order clerk" operations 
brought together), or by time, or by forms affected In this way, alternative 
assignments of processes or sequences of them can be visualized 

The method outlined above for recording observations nukes it particularly 
easy to do this mechanically Methods for such procedural analysis, even to the 
degree of "automatic flow chatting," have been developed *"’ 

The results can be then presented in a comparable variety of ways, each 
representing a means of showing the relationships among the four dimensions of 
descnplion For example, the flow chart is derived directly from the time 
sequence of operations upon forms. It graphically shows the two dimensions of 
“data" and “time”, the other two dimensions (“component” and "function") 
must be recorded symbolically rather than graphically On the other hand, Gantt 
charts graphically show relations between “components” and “time” with the 
remaining two dimensions being recorded symbolically in each case “File 
management matrices" and "responsibility matrices" provide a visual description 
of the assignment of functional responsibilities In the following sections, we 
explain how this is done 


FILE MANAGEMENT MATRICES 

There are certain standard data management function? that occur simply 
because they are inherent m the nature of data processing files are created, 
records are added to them, are changed periodically, and are deleted, files are 
searched, files are processed foptoducea variety of reports, and so on Once the 
set of files, forms, and data elements have been detern med, a “file management 
matrix” can be set up j 


■* Denver Research Instituie, "Fonnalized Aculyss Techiliques-Aids to Computer 
Deagn and Computet Use,” m Fourth Amaial Symposium Computers end Date 
Processing Denver, Colorado August 29, t957 

* Catto, O T . AUTOSATE An Autotttaied Data Systems Analysis Technique Los 
Angeles Rand CotporaUon, May 1962 (Rand Hemotaodum RM-311fi PR) 

® Ridgway, A 0 , “An Automated Technique for Conductmg 4 Total System Study,” 
in Enftineers Joint Computer Conference, I96l,pp 306-322 \ 

’ Scott, A E , “Automillc Fieparation <rf How Chart Listihg.” Journal of the 
AssociatujnforCompunngMacfiinery.SW.Iumaij 19S8,S7.66 ! 
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about the relevant “dimensions of desoiption ” Figure 6 1 0 provides a standard 
form for domg so Its use can be illustrated as follows 


Form 

Related Forms and Files 

Process 

Time 

Component 

No 23 

No 17 



10 45 

Order Cleric 

No 23 

No 35 

File 

11 15 

Order Clerk 

No 23 

- 

iransfer 

12 00 

File Clerk 


The result presents a step-by-step picture of the processes through which the 
form moves 

An especially effective feature of this method of learning about the processes 
in the library is that it automatically provides checks on their purposes and on 
the utility of them Thus, the analyst will observe (or ask) the reason for a given 
process (for example, “why did you record that item of data on the form'’”) and 
then, at a subsequent time, observe (or ask) whether, m fact, the reason was 
valid (for example, “did you use that item of data?”) 

Observation of Components A second means of learning what the processes 
in the library are u to observe individuals and machines, keeping track of what 
they do It IS actually the only means of doing so m the cases where a form is 
not implicit in the operauon Thus, an order clerk may be observed for several 
hours and, during that time, may execute a variety of different processes on a 
large number of different forms For each of them, a record is maintained of 
exactly what was done, to what form (if one is involved), and at what time. 

The same method of recording is useful here 


Form or File 

Files ATTected 


Time 

Component 

No 17 

No 23 


10 40 

Order Clerk 




10 45 

Order Clerk 


No 35 

Fik 

11 DO 

Order Oetk 



s<.t 

It 10 

Order Clerk 


Normally this method of observation will be used (rather than that of 
"following forms”) when a more detailed descnption of operations is wanted 
Typically , for example, it will be used m a “time and motion” study, when the 
time will be measured to the hundredth of a minute, and processes wiH be very 
simple motions On the other hand, as a tool for a descnption at a more general 
level. It IS less useful 
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organized thinking known as a “flow chart,” which utilizes a very limited 
number of symbolic conventions as a means for describing the flow of forms or 
data and the sequence of operations on them *■' ’ 

Before describing the technique of flow charting in detail, let us discuss some 
principles In certain respects, these pnnnples are simply a result of the basic 
concepts of systems analysis— namely, that it is a process of successively dividing 
a complex problem into parts of progressively greater and greater detail 
Actually, flow charting is more than a method of dcscnption, it is a concrete 
realization of the concepts of systems analysu 

Types of flow charts have been distinguished by different names The names 
are not in themselves important, but the differences in level of detail that each 
type of flow chart provides are important Speafically.at the level ofleast detail 
(and greatest generality), the term “system schematic" is used more or less to 
represent the level of funetiOMl dcscnplion, where the concern is with major 
tasks and even requirements In the context of library operation, a system 
schematic might involve the major elements, m the relatively gross organization, 
shown in Figure 6 1 1 

At this level of detail, the component functions are so interrelated and 
operate tn such a parallel, or stmultaneous, fashion that the descnpiion of a 
sequence of flow is relatively meaiungtess Therefore, a system schematic usually 
represents merely a division of functions for purposes of discussion, for 
administrative organization, and as a first stage of analysis 

The next level of detail is called a “general flow chart ” It represents the 
subdivision of each of the functional blocks in a system schematic into major 
stages in the movement of documents and data The detail is sufficient to 
describe the purposes of each functional block and even to present the approach 
to handling of those purposes, but not suflicient to show the actual processes 
involved Continuing our example of the hbiary, the S blocks outlined above 
would be subdivided into a total of perhaps 40 to SO major steps. For example, 
the block for circulation control might be as shown m Figure 6 1 2. 

At this level of detail, the flow of information is reasonably well described, 
although the actual processing steps may not be evident Therefore, a general 


® Dougherty, Richud M , and Fred J Heumtt. ScKunflc Management of Library 
Operations New York Scarecrow, 1964 Chapters Il-V 

® Gregory. R H , and R L Vm Horn. Automattc Data Processing Systems Principles 
tnd Procedures, Section Ul Belmont, California Wadsworth, 19$3 

''' Hall, D , A Methodology for Sysiems Engineertng Pnneeton, N J Van Nostiand. 
1962 

' * Hare, Van Court, Jr , Systems Analysts A Diagnostic Approach New York 
Haicourt, Brace, & World, 1967 

” Martin, Edley Wamwnght, f/fciwnie/tattftoewsmf An Introduction Homewood, 

lU Irwin, 196$ Chapters 8 and 9 
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File 1 
Fac2 

FUen 


As the forms are traced through the bbrary and as each of the standard data 
management functions occurs, enlnes can be made m this matrix which indicate 
who is responsible for a given function on a given file. In this way, gaps that anse 
because insufTicient information was acquired in the examination of the bbrary 
wdl be made evident. 

Other arrangements of the same data are convenient for clearly showing the 
functions and files for which a given individual, piece of equipment, oi 
organiiaiional unit is responsible 




Oeste 
Add records 
Oiange records 


Is 


I 'V Xf X 

These clearly show 3 d klication of function across administrative bnes and 
VI- fclize where reassivnnvntc nr Ti.«nnnsihilitV 


- - V plication of function across administrative bnes and 

allow the analyst to vi- tlize where reassignments of functional responsibility 
can.m principle, be mac fc 

All three arrangerae Its are useful for exhibition of faults in a proposed or 
existing organization bf the bbraiy-ovctlappmg responsibilities, unassigned 
msibUities. author ftv Incommensurate with resnonsibJitv and the like. 


existing organization bf the bbraiy-ovctlappmg responsibilities, unassi 
tesponsibUitics. author fty incommensurate with responsibility and the like. 


FLOWaiARTS 




Although in people the organization of the processes in the library can be 


described in a rujmtive manner, in practice it usually involves a techruqoc of 


/ 
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How diagram usually represents a division of functional parts into major steps 
for the purposes of evaluation of alternative methods of processing The amount 
of detail in a general flow chart »s usually appropnate io the description for 
purposes of communication to top management, to the general public, and to 
outside users Each of the library subsystems u desenbed in later chapters by 
such a general flow chart, as a framework for the discussion of vanous methods 
for mechanizing each major step and as a prelude to the presentation of several 
specific systems 

When specific systems are described, the level of detail must be sufficient to 
permit a person familiar with data processing methods to undentand the 
approach utilized and to evaluate the eflectiveness of the processing steps. This 
amounts to a "detailed flow chart,** which not only describes the flow of 
documents and data but presents the operations to be performed at each step m 
the flow It is therefore very much dependent on the specific approach involved, 
the degree to which it is mechanized, and the methods of data handling 
employed For example, m the ‘‘file maintenance” step in the circulation 
operation outlined above, a “transaction card** system, utilizing punched card 
equipment, might be the specific system The detailed flow chart for that step 
might then be as shown in Figure 6 13 

The level of detaJ is about what one would derive by following forms 
through successive operations It is suffiaent to permit an estimate of the time 
required to perform each step, for the given sizes of files and volumes of activity. 
It IS therefore the level at which the system design usually makes an evaluation 
of the relative efficiency ("cosi'efreciiveness’*) of potential methods It is also 
usually the form in which the system is communicated to the programmer 
Incidentally, if the fairly typical factor of 5 to 10 steps per block is continued, a 
detailed flow chart of an entire hbrasy might mvolvc 250 to 500 steps 
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Figured 14 t.«v«U of pioc«» description 


more complicated) all of the interrebtionships among them aa well' Of course, 
there is actually nothing miraculous about it, nor are system designers and 
programmers geniuses of some high order, able to look at a complex task and 
immediately analyze it into a mynad Oitcmily) of individual steps The answer is 
the method of organized thinking that systems analysis and the flow chart 
provide (Incidentally, even with the aid of these tools, a good programmer 
might usually be able to develop about 20 to 50 individual steps, at a given level 
of flow chart, in a day A detailed block diagram of, say, 2000 steps might, 
therefore, take 3 to 6 months 

This method of thinking is really so simple that it can be described in a small 
flow chart, which might lead one to wonder what all the excitement is about. To 
flowchart a complex task, go thnni^ the progression of steps shown in Figure 
6 15 The simplicity of this piocess should not blind one to its power and 
particularly the power derived from the last two stages (1) Is the detail 
sufficient'^ (2) If not, treat each step as a new task to be analyzed It is these 
steps that produce the transition from system sdiematic— the grossest level of 
desenption— to machine language programs with hundreds of thousands of 
individual steps 

Flow charts ate constructed from a relatively few, simple symbols 
rectangular boxes, which contain statements about the process to be performed 
at that step, diamond shapnd boxes, which describe decisions resulting in a 
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Although the analysis toy the system designer may be viitually completed at 
this level of detail, the analysis by the programmer is just beginning Each step m 
a detailed flow chart must now be described in terms of specific process steps 
This will take the form of what « usually called a “general block diagram 
Actually, it IS a flow chart in the sense that we have defined, at a level of even 
greater detail However, there is one basic factor that reflects the difference in 
emphasis of the programmer Whereas the flow chart is onented more to the 
documents that flow through the ^slem and the processes that occur on them, 
the block diagram is very defirutely concerned with the data apd operations 
performed on them It is, therefore (for the programmer, particularly), both a 
method of description and an aid to analysis. Again, the factor of 5 to 10 steps 
per block might result in a general block diagram of, say, 2000 stepS- 

At this stage, the programmer is ready to construct a “detailed block 
diagram” or, mote usually nowadays, a program in a high-order programming 
language. (In Chapter 10, we shall discuss a variety of such languages, including 
for example, COBOL, the common business oriented language, designed for the 
kmds of operations that occur in library data processing ) This is virtually >n the 
form for direct machine operation, based on the instructions that it embodies 
(In certam respects, the detailed block diagram may be considered as 
"machuie-independent,” since programs written in higher languages can be 
interpreted by many different machines However, in fact, any program will 
usually be designed around the characteristics or “configuration” of a specific 
set of equipment so as to be efficient m operation As a result, although the 
same program can be used on any of several madunes, it would not necessarily 
be equally efficient on all of them ) Again, the factor of S to 10 steps per block 
means that the block diagram may involve about 10,000 individual steps m the 
higher-oider language 

But we aren’t done yet* Either the programmer or, if a higher-order 
programming language is involved, the machine must now translate the detailed 
block diagram into machine language-another factor of 5 to 10 steps per block 
and a result, for a Lbrary operation, estimated at about 100.000 machine 
language steps' Fortunately, the developmenb in the programming profession, as 
we shall discuss, have transfened much of this burden onto the computer and 
thus have made it faster, cheaper, and enormously more accurate than it would 
be otherwise In Chapter 10, we shall illustrate the nature of a machine language 
program on a portion of the table look-up function 
For a summary, see Figure 6 14 


Flow Charting Techniques 

How IS anyone to pursue such a fantastically complicated process'* How could 
anyone possibly visualize not only 10,000 to 100,000 mdividual steps but (even 
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Tcmpbies exist so that these boxes can be neatly and easily drawn Thus, the 
mechanical combination of them in the description of a given task ia quite 
straightforward, if certain simple pnnciples are lollowed 

1 The (low chartmay be drawn m horizontal or vertical sequence, depending 
on the Situation, but the eye of the viewer ^ould be generally carried from lop 
to bottom and from left to n^l as he follows the flow Whatever choice of 
presentation is made, all charts in a given study should be presented in consistent 
form 

2 The entire picture should be legible and as easily grasped in a totality as 
possible This is the primary reason for limiting the number of steps presented at 
a time to the range of, tay, five to fen tn addrfior, however, the picture should 
not be crowded and should be neat and pleasing in appearance— even 
symmetrical, if possible 

2 Each document or single piece of data should follow a single line of 
flow-vertical or hotizontal-as it progresses through the steps that affect it Jn 
this way, the eye can easdy see what happens to it as a totality. 

d Every effort should be made to avoid the crossing of flow lines, and 
each line should have a single, well-defined, bepnmng and end 

Decision Tables 

A critical portion of a flow chart a the set of steps that represent various 
decision points For some tasks, the deasions to be made are so complex, 
depend on the status of so many different conditions, and involve so many 
alternative procedures that the flow would become almost unreadable if the 
decisions were to be completely described Because of this, a technique known 
as a “decision table" has been utilized to summarize these complex decision 

problems ' * 

A decision table consists of four parts a condition stub, a condition entry, an 
action stub, and an action entry, usually arranged in the following formal 


Condition Stub 

Oindition Entry 

Action Stub 

Action Entry 


The "condition stub” defines a set of rows m the decision table corresponding to 
the set of different facton entering into a deasion The “condition entry” 
defines a set of columns corresponding to the set of possible combinations of 
conditions For each set of possible combinations of conditions, the decision 
table describes the set of actions to be taken The alternative actions are 


Grad, Burton, ‘Tabular Form m Decision Logic.” CaMirunon, 7 (July 1961), 22-26 
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Tigun^ The pioceu of Dow charting 


choice among alternative sequences of operations; lines and anows, whtch 
describe the direction of flow ftotn one process to another (usually from top to 
bottom and from left to right, although this rule is violated so frequently that it 
represents, at most, an esthetic desire), and arclcs (called remote connectors), 
which contain symbols tying the flow from one box to another box located at a 
remote spot, such as on another page. 



Sometimes other symbols arc used to descnbe types of forms or files 

□□ [i:^ Q c:::) 









Iigure6.l7 ALA CaUU>{:ing Ruk No 39<Suni»me<wlthprcrLxes) 



QEIIIIIIIIIIIIIIIIHI 

ieiiiiiiiiiiiiiihI 

IlSlIIIIIIIIHIIIll 

IIIDDBIIIIIIIIIIIll 

iiiiiiiaDDiiiinnl 

IIIIIIIIIIDEIIIIIll 

IIIIIIIIIIIIDIIIHI 

iiiiiiiiiiiiieiihI 

i maaiiaia Bl 

'I'Sl 
liliiiBlI 


' 'xceptions to this rule 


159 




1S8 Methods ot System Descnption 


defined, by the action stub, as a set of rows and the particular actions to be 
taken for a given set of conditions are descnbed in that condition entry column 
Since many of the tasks in a libiaty operation require extremely complex 
combinations of many conditions, the decision table is a particularly appropriate 
tool One thinks immediately of iihng rules or of senals processmg 

For example, consider the ALA catalo^ng rule number 39 concerning 
surnames with prefixes It can be descnbed by a decision table (Figure 6 16)** 
As Decision Table No 1 shows, one set of conditions does not allow a choice of 
action and, thus, the action taken involves reference to a second deasion table 
(Table 2, shown m Figure 6.17> 

Because these tables summanze the decision blocks in a flow chart so weU, 
they have becorne more than simply a technique They are now regarded as a 
specialized programming language, and “compilers” have been developed to 
accept decision tables as input and to construct the necessary programs directly 
An example is TABSOL, developed by General Electric for their computer 
systems 

The steps In the construction of a decision table are quite simple, but if they 
are carefully followed they not only aid in the process of description but also ifl 
the process of analysu 

Step 1 Define the set of conditions that seem to characterize the decision 
problem, and record them as rows in the condition portion of the table. Tliese 
can be expressed as questions that can be given a “yes” or “no” answer, or as 
quantitative characteristics that can be specified by a set of ranges of values 
Step 2 Define the set of alternatives that seem to charac.ten» the decision 
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relationship to components rathei than the rebtionship to data, which the flow 
chart exhibits 

The analyst uses the Gantt chart to evaluate the work load with which each 
Organizational component is faced, over time It exhibits the causes of 
fluctuation in work load due to variations m the time taken by other 
components of the organization in completing preceding operations It allows 
the analyst to experiment with realignments of responsibJity that might reduce 
the dependence of one component on the work of another, with consequent 
gam in independence and operationalefnciency. It provides a management tool by 
which the librarian can evaluate the performance of individual departments and 
their dependence on the petformance of other departments 


Suggested Reading 

The techniques of system descnption are presented m almost any text on 
“methods analysis,” ■‘systems analysis,” "systems and procedures,” or other 
book on procedural analysis Among them, however, the following seem to 
be especially well done or especially relevant 

Dougherty, Richard M , and Fred J Hemntz, Scientific Management of Library 
Operations New York Scarecrow, 1966 
Gregory, R H , and R L Van Horn, Automatic Data Processing Systems 
Principles and Procedures Belmont, California Wadsworth, 1963 
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problem and record them as the set of columns for the condition entnes and 
action entnes 

Step 3 Descnbe each of the alternatives by the appropnate answers 
values for each of the conditions In doing this, it may turn out that some o t ^ 
alternatives are not adequately descnbed by the defined set of conditions an 
that additional conditions will need to be included 

Step 4 In order to check whether all possible alternatives 
included as condition entries, other combinations of conditions shoul ® 
checked to see whether they represent valid situations If so, they should then s 
included as further columns 

Step 5 Define the set of alternative actions and record them as rows m 
action stub 

Step 6 For each of the columns for alternative situations, mdicate e 
actions to be taken. It may become evident that, for some of the 
the set of actions are not adequate. If so, additional action rows shoul 
provided 


GANTT CHARTS 

Up to this point, we have emphasized a particular method of system 
descnption-the (low chart -which is concerned i^th the sequence ofopetaliom 
upon data There are other relationships that also are important and that mus^ 
be descnbed One method for describing them is called the “Gantt diart, 
named after the man who first suggested its use ' * 

Specifically, since a system consists of components that perform Ih 
operations descnbed by the flow chart, it Is essential to indicate when eac 
component performs an operation and on which data The principles am 
relatively ample a Gantt chart is a two-dimensional picture describing the 
relationships between components and time. As such, it is the precursor of 
modem project planning and control techmques, including the PERT procedure 
illustrated in Chapter 5 It is equally useful in showing the flow of operations 
from one person, or machine, to the next in day-to-day operation of the 

Schematically, the Gantt chart takes the form shown m Figure 6.18. The 
vertical axis lists the set of organizational components (usually m much greater 
detail than is shown), and the honzontal scale shows the sequence of events m 
time The body of the chart then shows each function assigned to a component, 
including the transfer of responsibility from one component to the next 

A Gantt chart is similar to a flow chart to the extent that it shows the tirnc 
sequence of operations It difTeis to the extent that it graphically shows the 

“Gantl.H t.Oftanizmg for Work, tievy oik lUnourt. Brace, 4 World. 1919. 
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Evaluation of Cost 

Tl« ■•cost” of a new library system is nude up of many parts ’ The system 
must be developed . it must be installed, and it must function on a day-to-day 
basis Each of these concerns will generate costs that, to one extent or another, 
must be considered in the cost/effectiveness evaluation 

Estimates of future operating costs are extremely difficult to ascertain The 
effects of the interaction of new equipment, new procedures, new forms, and 
new bibliographic data cannot be determined with any precision However, they 
are comparable, in nature at least, to present operating costs What is really 
necessary is a cost-accounting system that wrUl provide sufficiently accurate cost 
data With which to make comparison 

The costs of development and installation of a new system, on the other 
hand, raise many issues concermng accounting policy Should the costs be charged 
to the new system or should they be regarded as necessary expenses of 
maintaining the efficiency of the organization? Are some of these costs covered 
by sources ouUide the usual budgetary support of the library (such as federal 
funds) or is the library proceeding essentially on its own? Are some of the funds 
regarded as capital costs (perhaps included as part of a budding fund) or do they 
all come out of operating expenses? However, even recognizing that the situation 
vanes from one context to another, it seems appropriate for the bbrary system 
analyst to consider these costs in his evaluation, whatever their source may be, 
and to “amortize” them over some estimate of the Lfe of the new system 
(usually, over a five-year period of operation) Unfortunately, since few 
nonprofit institutions amotuze their capital invesimenU, the system analyst will 
be dealing with only a hypothetical “amortlzalion ” However, only m this way 
can he maintain a true picture of overall effiaency m operation and avoid 
changes in system in a frivolous manner 

Evaluation of Performance 

It is with the evaluation of the expected performance of a future system that 
the real problems arise Whereas cost is generally easy to define, the benefits and 
functions on which performance would be judged are always difiicult to define 
And whereas cost is easy to measure, many of the most important characteristics 
of system performance are essentially qualitative 

For our purposes, it is valuable to distinguish between two kinds of 
performance factors in the evaluation of systems (0 the quantitative factors, 
which relate primarily to the questions of “How many’” and “How fasf>” and 


‘ Fasana Paul J . '‘Determining the Cost of Ubniy Automation 
<I“ne 1967), 636 661 


'Al~4 Bulletin, 6l (6) 



Chapter 7 


SYSTEM BUDGETING AND 
EVALUATION 


As indicated in previous chapters, the process of library systems analysis and 
design involves the successive steps of analysis, synthesis, and evaluation The 
techniques of system description discussed in Chapter 6 are aids to the first two 
steps The techniques to aid system evaluation are the subject of this chapter 


CRITERU OF EVALUATION 

The use of cost/effectiveness” as the cntenon for evaluation of a system is 
an integral part of the basic philosophy of systems analysis As a result, the 
library systems analyst will continually look for the best balance between cost 
and performance rather than, on the one hand, simply trying to reduce costs, or, 
on the other hand, striving for maximum performance At times, this may mean 
reduced expenditures for roughly the same performance that a present system 
provides More likely , however, is greatly improved performance for roughly the 
wme cost And frequently it means that the benefits from added services must 
be considered, since n is nearly alw^s the case that new systems will actually 
cost more than existing ones 

In order to apply a cost/effectiveness cntenon, the analyst must have a clear 
picture both of present costs and of the costs of alternative systems He must 
also have adequate measures of perfonnance We shall examine these matten m 
detaJ m subsequent secuons of this diapter but, first, let us summanze the 
Significant considerations 
162 
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catalog entries that are requited dunng some time period, such as a month The 
quantitative factor of *‘How Many^ for cataloging is then the number 

Nt - (catalog entnes) per month 

Similar measures of the load on all other functions, at similar levels of detail, 
would need to be defined and counted In a similar manner 

The second set of quantitative factors relate to the question “How fast?” 
which must also be asked of each function. Portunately, much of the difficult 
Work has been done, since the unit of work— the catalog entry, for example-is 
the basis for answering these questions In particular, we ask ‘‘How fast can a 
catalog entry be generated"*” Notice, incidentally, that we try to determine the 
time required for the individual unit of work We could, of course, answer the 
question in a very simple manner for example, we produce SOO catalog entries 
each month there are 10,000 minutes m a month, ergo, it lakes 20 minutes to 
produce a catalog entry However, this simple approach obscures many 
Significant problems in efficiency of operation It is therefore desirable to deal 
With the individual unit of work iiself-ihc actual time to produce a single 
catalog entry— rather than the average over a large number of them. For this 
reason, the industrial engineers and methods analyst actually stand beside a 
worker with a stop watch and measure tune to the hundredths of a minute' Only 
in this way can a true picture be obtained of “How fast"*” 

Now, one should legitimately raise a diHiculty the time to produce a catalog 
entry will vary from one time to the next, as a result of differences in the 
material, or the individual eataloger, or the time of day Since we must hrmt this 
value to a single quantity, therefore, it must be taken as an average over a large 
number of catalog entries However, it should be emphasized that this average 
will not be the same as that derived by simply dividing the total number of 
catalog entries by the number of minutes m a month, in fact, it is obviously less 
(since, otherwise, a backlog would buJd up) and usually it will be much less It is 
this difference, in part, with which the system designer is concerned when he 
tries to produce an optimum ^stem It u this difference that is reflected m the 
columns labeled “minimum unit cost” and “basic unit cost” in Figure 4 8 

In summary, for each functional subdivistori and component at a given level 
of analysis, quantities characterizing the volume of work, the amount of time, 
and the cost-all expressed in terms of an acceptable, useful unit of work— must 
be developed This will inewfaWy rnvohv compromire and frequently will 
require further analysis with a finer degree of detail 

Qualitative Factors But none of those quantitative factors really resolve the 
more basic question, “How good'*" In fact, there is Lttle that does By its very 
nature, dealing with the substance of human communication as it does, the 
library involves a high proportion ot essentially judgmental issues It acquires 
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(2) the quahtitive factors, which relate pnmanly to the question of “How 
good’” We shall raise these questions about each of the types of equipment 
presented m the next section, and then about each of the hbrary subsystems 
presented in the chapters that follow. 

Quantitative Factors. These are, of course, the easiest factors to define and to 
determine, precisely because they are quantified However, they raise important 
questions and require a most exhaustive analysis of the system. They involve 
some very tricky issues of what constitutes a “unit of work ” Furthermore, 
before even these issues can be resolved, the level of detail m the analysis must 
have been appropnately chosen and the analysis itself must have been completed 
so that the quantitative factors can be related to specific functions and 
components ’ 

Consider, for examine, the quantitative facton encompassed by the 
question “How many?” For each of the functions defined by the flow chart, at a 
given level of detail, a unit of work must be defined, and the number of times 
that function rnust be performed (the “work load”) is then expressed in terms of 
that unit of work To illustrate this, consider the hbrary system schematic 
outlined m Chapter 6 (Figure 611) We wish to provide a quantitative measure 
of the cataloging load, for instance To do this, we must define an appropnate 
unit of work And now the problem should be evident. 1$ the unit of work the 
“book,** the “title,” or the “catalog entry’” Shouldn’t we really distmguish 
between types of books, perhaps? Aren’t there different degrees of difficulty in 
the cataloging of different kini of matenal, and shouldn’t these be recognized 
by the unit of work’ And so on 

Here we cannot reconale these questions, but we can distinguish between 
types of them Some of the questions (such as differences in type of book or 
degree of difficulty) arise because of the level of detail. For a given function, at a 
given level of detail, only a single unit of woikcan be defined, if, for one reason 
or another, this is insufficient, then the system must be analyzed to levels of 
greater detail (perhaps “cataloging” itself must be subdivided by type of material 
or type of catalog) 

On the other hand, some ofthe questions (such as “the book.” or “the title,” 
or “the catalog entry”) represent the fundamental issue— what is the appropriate 
unit of work’ Unfortunately, any choice made— and one must be made— will be 
somewhat unsatisfactory We live with the results of our choice, and we hope 
that they are the least of the evils we nught have faced 

For the purposes of illustration, suppose we choose the “catalog entry” as 
out unit of work for cataloging Then we are faced with a relatively simple task, 
ad the really hard work has been done We merely count the number of 

’ herce W o'D , Work Mtasuremem m Pubhc Libranes. New York Social Science 
Research Council. 1949 
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between the value of a decision based on infomution from a file and the time at 
which that decision is made-piesinnably that value will tend to decay over time 
The Operating time of the system will be directly reflected in the cost, yet it is 
the basis for the user’s interest in Ihc system and willingness to pay for it 

Also important are the facton related to the quality in selection and 
acquisition of information, m analysis and description of it. organization and 
processing of it and retrieval of it Certainly these are the most difficult factors, 
precisely because they deal with the very substance of an information 
system-the information itself the total amount of it, the accuracy of it, the 
relevancy of it to a user or even to the entire set of users, the degree to which it 
can be analyzed and organized, and the problems in communication with it 
Many of these questions can perhaps be handled at the level of "communication 
theory," which deals with the statistical properties of information But the bulk 
of the really significant problems relate pnminly to the relation between that 
information and the specific user, who is by no means governed by statistics- 
nor IS his response to the information This has represented the great gap m 
adequate theory for information science 

The value and relative importance of each of these cntena-time, quality, and 
information-can be determined only by a careful analysis of the user of the 
aystem The methods for making such an analysis are few standard interview 
and survey forms, statistics of utilization, examination of ideals, expenmental 
"system tests”, and simulations As a result, there is little qualitative data (and 
less quantitative data) on which to base cniena and measures ‘ ’ 

However, as a step forward, the operation of an infurmation system can be 
divided into a succession of stages communication, file processes, and 
equipment operation For each stage, cniena and measures can be defined To 
be specific 


' ' The Study of Criteria and Proceduiej for Evaluating Scientific Information Retrieval 
Systems Chicago, 111 Arthur Anderson. March 1M2 

* Bare, Carole EL, "Conducting User Requirements Studies in Special Libraries," 
Special Libraris!. 57 (2), February 1966 

Bourne. C P , and G C Peterson «i at. Requirements, Criteria, ami Measures of 
Performance of Information Storage oorf Retrieval Systems Menlo Park California 
Stanford Research Inslilutc, December 1963 

* Davis, Richard Alien, and Callieiine A Bailey, Bibliography of Use Srurfies 
Philadelphia, Pa Drexel School of Libiaiy ScieiKe, 1964 

‘ ® Gilman, Henry. "What the ScKSitui Expects of the Librarian,” College and Research 
Libraries 7 (3) (July 1947) 329-330 

Herner, Saul, The Relationship of h^brmation Use Studies and the Design of 
Information Storage and Retrievat Systems Rome. N Y Cnffiss Air Force Base, 19S9 
* ’’ Resnick, A , and C B Hensley, “The Use of Diary and Interview Techniques in 
CvafuaUng a System for Disseminating Tedmical Information,” American Documentation 
14(2) (April 1963), 109-116 
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material whose value is unknown, it attempts to describe the matenal for the 
future uses that must be unknown, it must find material when the relevance of 
the content was, until then, unknown It must do this for a great variety of 
material and users, and within a limited budget 

With so many significant factors essentially unknown, it is remarkable that 
libraries function well at all That they do is certainly a reflection of the 
relative consistency of people and their needs for information But still, how do 
we determine how well they do function’ How do we measure the value of 
“information” or “service’”^'* What constitutes “good cataloging” or “good 
reference’” How do we measure typographic quality and readability’ Indeed, 
what is the value of a library itselP 

Obviously, these are questions so deeply imbedded in the very concept of 
library service that they can be answered only by the professional judgment of 
the hbranan At best, the system designer can cleat out the underbrush of 
extraneous issues-those that can be quantified-so that the alternatives are 
presented free of them But the choice among the alternatives must be made by 
the hbranan in terms of these qualitative issues. 

In later chapters of this book, we shall define specifically the essential 
qualitative factors-the ones that charactenze the very purpose of the library— 
for each of the subsystems of the library Fhe intent is to separate clearly and to 
highlight the things that cannot and should not be handled by the technician 
Perhaps the most important factors are those that relate to response time the 
recentness of the information provided by the system, the delay between a need 
for information and its availabdity to the user of it, and the time that the user 
must spend in analysis of data retneved Most of these appear to be readily 
quantifiable, if only because the parameter of lime itself seems so clear, but 
actually their value and importance arc highly qualitative issues For example- 
one can speak of the “half life” of the infomution in a file as reflecting the 
steady decrease in its value over time ’• • ’ One can perhaps quanUfy a relation 

* McDongugh, Adrian M , InformatKui Economtct and Management System! New 
■York McGrawHill. 1963 

* Malmgrcn, H B , ''Information. Expectationa, and the Firm.” / of Economics. 75 (3) 
(Aufun 1961), 399-421 

Marwhak Jacob, Towajdian Econoimc Theory of Organiralion and Infonnaliof’.” 

R M TtiiiUetil. Decision Proceurs New York Wiley.l9S4 

* Marschak Jacob, Problems in Information Economics Lor Angeles University of 
California. November 25 1962 

’ Radnei, Roy, The Eraluation of Infortnatton in Organizations Berkeley- California 
University of Cabfomu. 1961 

* Stiglcr G J. The Economics of lofotmation,' Journal of Political Economy, 6^ 
(June 1961) 213-225 

'‘Button, R t and R W Ktblet. The 'Hilf-UJA' of Sww Scv-.Mcrviand Technical 

Literature American Documentation. II (I) (January I960), 18-22 

® Kilfour. Fredenek C . ‘'Recorded Use of Books in the Yale Medical Library," 
Amer can Documenlation, 12 (3) (October 1962>. 266-269 
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COST AND BUDGETARY FACTORS IN EVALUATION 

The budgeting for costs must consider the following categones capital 
budget (for equipment and buildings, for instance), developmental costs, 
installation costs, and operating costs 


Capital Budget 

The capital budget should be set in the context of a detailed, long range, 
capital-outlay program It should speafy the cost of investing in building 
and equipment implied by the mechanization objectives An important part of 
the capital budget is the source-of funds statement, a comprehensive list of 
available funds including funds from state and/or municipal sources, funds from 
grants, gifts, bequests, and the bke However, it is quite reasonable to expect 
that funds apparently available for mechanization will fall considerably short of 
the actual amount needed, and the budget will indicate to the hbranan the size 
of the deficit facing him. If the chances for Tdling the gap between required and 
available funds are remote, the librarian must set up a pnonty list, and he must 
modify his mechanization objectives accordingly Subsequent revisions of the 
mechanization objectives should be immediately tested for their effects on the 
capital budget, and should be incorporated into it 

Developmental Costs 

The costs m development of a system mclude (1) system design, in which 
objectives ate established, alternative systems designed and evaluated, and 
specifications set, (2) programming, in which operating computer programs are 
developed, and (3) testing, in which the system is “debugged " 

System-design costs are primarily a function of the scope of the system to be 
Considered However, they ate probably best budgeted as a continuing yearly 
commitment of library systems analy»s personnel to these tasks 

Programming costs are totally a function of the scope of the system and can 
be roughly estimated in terms of the number of computer instructions to be 
wntten ^ typical estimate of production rates for programming is about 


Biemian, Haiold, and Seymour Smidl. Tkt Capital Budgeting Decision New York 
MacMillan. 1960 

Dean, loeX.Capital Budgeting New York Columbia, 1951 

Bart, Leonard, and Butt Nanus. Cost Aipecti of Computer Programming Santa 
Monica California System Development Corporation, January 1964 

Colllieb, C C , "The Cost of Programming and Coding," Computers and Automa 
'‘on. 3 (September 1964), 14-15 
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1 The degree to which a vocabulaiy has been standardized can be 
characterized by the extent to whidi intet-term relations have been made 
explicit (for example, by the size of the sulqect authority) 

2 The process of communication^translation from one vocabulary to 
another— can be characterized by the required capacity of the commumcation 
channel 

3. The relevancy of the stored data to particular requests can be measured by 
a variety of measures of ''similarity ” 

4 The adequacy of the file organization can be measured by the response 
time It provides 

These are the criteria that will be emphasized m the final section of this book 


Evaluation of Equipment 

In addition to the functional criteria of performance outlined above, there are 
other issues in evaluation of a proposed new system that become especially 
important when mechanization is involved In part, the performance of a set of 
equipment can be evaluated m terms of the the extent to which it meets the 
cost/effectiveness entena-as expressed in the demands and desires that the 
library defines But there are also some intangibles that should be 
considered 

First, equipment will be acquired from a manufacturer or supplier. How 
reliable is he’ What supporting services does he provide’ Will he meet debvery 
schedules’ What kinds of finanaal arrangements will he consider? 

Second, characteristics of the equipment, in addition to its functional 
performance, should be considered Is it readily available or does it require 
development work’ How rebable is if' It is compatible with other equipment’ Is 
it easily expandable to greater capaaty’ 

The relative importance of these intangible considerations vary from one 
context to the next However, many hbranes that undertake mechanization 
programs underestimate their importance and, as a result, expenence delays, 
costly changes from one set of equipment to another, and operational 
difficulties Therefore, it is probably wise to place heavier emphasis on these 
intangibles than on cost/effectiveness perse 

“‘Becker, Joseph, and R M Hayej, litfonrvtion Storage and Retrieral Tools 
Elements. Theoriei New York Witey, 1963 (Chapter !5) 

’’Conway B, J Gihbtmj. and D E Watts. Business Expenence v.ith Electronic 
Computers New York Coniroltcn Institute Research foundation. Inc., 1959 

®Crejory,R II , and R L Vm Horn, Automatic Data /yocessingSyttems Principles 

anJ^etlurci Belmont. CaUfornia WadsworUi 1963 (pp 191-200,552-638) 

Peat. Maruh-k, Mitchell, and Company. Appraising the Economics of Electronic 
Computers Contiolienhip PounJalion. 1956 
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involved This cost, of all the costs m conversion, is the most likely to be 
reduced as time goes on For example, optical character-reading equipment will 
become more widely used and will re^t in significant savings Based on 
present-day experience with the use of punched card key-punchers or punched 
tape typewriters, production rates of 6000 to 10,000 key strokes per hour are 
standard Based on the experience with MARC II format, the costs for 
keypunching can be estimated at about 30c to 40c per catalog entry (including 
overhead) ^ * 

The cost of parallel operation can be roughly estimated from expected 
operating costs under full-scale operation, but can be added to the costs of 
present operation for the time of changeover At limes, attempts have been 
made to avoid these costs, at feast in this form, by setting up what was called a 
"turn-key” operation with elTectively “instant” changeover. The experience 
seems to argue against this kind of approach 

Finally, significant costs are incurred in the training of personnel in their work 
with the new system Time of systems staff, of administrative staff, and of the 
operating personnel themselves must be allocated for this purpose Frequently, 
other costs are incurred in development of leaching materials, hiring of special 
instructors, and usage of machine lime 

Operating Costs 

These are the most clearly defined costs Methods for estimating them are the 
pnncipal concern in our subsequent discussions of library clerical systems 
(Section IV) They include costs for equipment, operating personnel for 
equipment, library personnel, and supplies 


METHODS FOR QUALITATIVE EVALUATION 

The purpose of qualitative evaluation is to establish criteria for comparison of 
systems that recognize the relative importance of the functions they provide To 
do this, the functions must be categonzed by type and by qualitative 
characteristics Then the user of the library must be studied m order to evaluate 
their relative importance 

It IS surprising that there are really so few methods available for study of the 
user and his view of a library’s services About the only methods available are 
questionnaires and interviews, statistics on utilization, and idealized models and 
simulations 



170 System Budgeting and Evaluation 


15 instructions per man-day (For example, a library subsystem, such as 
circulation control, will probably require 5000 instructions and take 1 to 2 
programmers 1 year to complete) Testing is likely to require one half of the 
time and manpower required for programming In each case, provision also must 
be included for machine time required for testing and debugging. If the machine 
IS readily accessible, with rapid “tum-around,” both programming and testing 
can be done much more rapidly If, on the other hand, the machine is 
inaccessible-operating under a “closed-shop,” for example-with the results of 
testing available a day later, the rate of progress will be very slow 

It IS to be expected that, as the bbraiy community gains experience with data 
processing, it will create a pool of common knowledge and standardized 
programs that may help to reduce some of these costs for Lbranes coming along 
at a later time However, large differences ate hkely to contmue among libranes 
and the computing facilities available to them. It is, best therefore, to be 
conservative in the estimates of these developmental costs and not to count 
heavily on the work done by others 

Installation Costs 

The installation of a new system wdl involve a number of significant 
costs (1) the preparation of physical facilities, (2) the convenion of files, (3) 
parallel operation and changeover, and (4) training 

The costs for preparation of physical facilities vary so greatly m different 
situations that no generally applicable estimates can be made They depend too 
much on the existing space, wiring, air conditioning, and on the particular 
equipment involved 

The costs of conversion of files are especially significant for libranes since, in 
a sense, they are Kt up to handle very large files ** They can be the largest 
single element of cost in converting from a manual system to a machine system 
The existing files must be checked for (heir anuracy, they must be edited to 
ensure accurate, efficient conveision, and they must be converted to machine 
language The cost of checking the accuracy and validity of existing records is 
likely to be very large As much as S2 to S3 per record might be incurred m 
checking records of senal holdings, for example The cost of editing will also be 
large Based on the experience with the MARC 11 formal, this cost is likely to be 
as much as 80c per catalog entry (including owrhead) The cost of actual 
conversion into machine language depends on ihe procedure and equipment 

Lij^U Ben Ami 'Lahoi CoMs. Convenion C<iM\ and CompjtibiUly in Dovumcnl 

^y^leInl, Arneman Documcnralum 14 (2)(April 1963). 1 17-122 

OiipJ'vin Projcc|./.Mff/R<porr Wavhmtlon. D C . Library of Congress, 1968 
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Use of Reference Services. The frequency of use of the reference department 
provides statistics on the average number of reference requests made per month, 
week, day, and hour, the average amount of time needed for service, seasonal 
fluctuations in service (that is. the frequency of requests during various times 
prior to exarmnation time, in the middle of the quarter, and during vacations) 
User Needs- Acquisitions Satisfying user needs for items not available in the 
library is one of the prime functions of the acquisition department To 
determine the extent to which this function is performed satisfactorily, the total 
number of requests for new (or additional) items (books, periodicals, and 
publications) can be compared with the number of such requests that were 
approved and executed The resulting ratio should be one of the factors 
influencing the library's acquisitions policy 


Simulation 

In Chapter 3, simulation was discussed as a technique applicable to 
library-management decision making If the operation of a library can be 
described by such idealized models, the means are available to evaluate the 
comparative value of various systems The simulation can provide illustrations of 
the effects that each of the alternatives will have on service to the user Although 
the models may be idealized, they give the analyst a picture of how systems will 
function in practice that could not otherwise be obtained ’ ' 


METHODS OF QUANTITATIVE EVALUATION 

The aim in “quantitative evaluation” is to provide a direct “cost/effective- 
ness” comparison between alternative systems For example, the analyst will 
want to plot the alternatives on a modified “break-even” chart In the 
hypothetical example shown m Figure 7 1, it appears that a manual system 
would give the lowest cost per 1000 books circulated as long as the annual 
circulation is less than 250,000 books If 250,000 to 450,000 books are 
circulated annually, a mechanical system (for instance, punched-card system) 
appears to be the most efficient At any greater circulation, the automated 
system appears to be the most effiaent 

Similar relationships can be found and plotted for each of the separate 
functions in the library, matching costs against (he respective units of work A 
separate analysis of each of the ot^ectives, in this way, can provide the librarian 
and the analyst with a rough indication of the relative merits of the alternatives 

Chodfow, Mirk, et al , Information Semce System Modeling Analytical Tools for 
Management Esaluation, Infonnation Dynamics Ccxpontion, December 1963 
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Questionnaires and Interviews 

The appendix to this chapter shows a sample “Information System Value 
Interview Form” that emphasizes the “critical mcident” approach It is fairly 
typical of such questionnaires, which force the person being interviewed to 
phrase his answers to questions in the context oi specific mcidents The purpose 
IS to avoid the natural tendency of someone to think in terms of atypical 
situations, remembered because of the extremes that they represent 

Statistics on Utilization 

The statistics derived from past utilization of the library present a 
quantitative picture of the relative importance of vanous activities in the library 
As such, of course, they reflect the nature of past services rather than of future 
services, and therefore may not be a complete answer to the question of user 
needs For this reason, many researchers have emphasized the need for more 
basic studies, including simulated environments in which the response of the user 
to new services can be tested On the other hand, for the individual libraiy. faced 
with the need to move ahead, statistics on past utilization still represent the 
most reLable form of dau on usage of the library 

The type of information to be sought includes the foUowmg. 

Circulation Statistics Annual ciiculation statistics can be analyzed into 
quarterly, monthly, weekly, daily, and hourly averages For example, in process 
of preparation for automation The Uruvenity Research Library at UCLA saved 
all transaction cards of the Circulation Department for three years With the 
aid of a computer, they were sorted and analyzed for the frequency of 
circulation of individual books and categories of books Data of this kind help to 
define user needs and can be used m determining the number of copies that 
should be purchased of any one title, the period for which a type of book should 
be loaned, and so on 

Demand Time Distnbution A study of average circulation volume during 
peak houn and peak days (for instance before examination time in a university 
library) can help in establishing queueing patterns for determining the number of 
points at ivhich patrons can receive service. In most libraries the pattern of 
demand will vary, both dunng the year and durmg the day Knowledge of these 
variations will help to determine the optimal number of checkout points and, m 
libraries that employ manual or partially manual systems, the size of the staff a* 
the charging desk. 

” Bourne C P , et*L 
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borrower registration file, a call-number file, or a scheduling file, an ordering 
subsystem may require a book fund file, a vendor file, or an “m-process” file 
Files are numbered F], Ft, for each subsystem Thus, the book fund file 
might be F, for the ordering subsystem, the vendor file. Ft , and so on In each 
case, the file becomes a focal point for the processing operations of the 
particular subsystems, because they arise from the requirements for file 
management functions associated with each file 

File Management Funeltoni. In Qiapter 6, we outlined the functions involved 
in the maintenance and use of a file A file must be crejrer/ llmuit he maintained, 
so that the effects of all kinds of transactions-producing additions 
to the file, changes in existing records in the file, and deletion from the file— can 
be handled (t frequently must be mtenogated. so that answers can be provided 
from it in response to needs for data as they anse Reports must be produced 
from it, so as to “pre-answer” many standard, predictable needs for information 
These functions are specified for each file, so that F 1 1 might be “creation of 
hook fund file". Ft j might be “interrogation of vendor file", and so on 

Processing Operations For each file management function, there are certain 
standard opeiations-data must be converted, by keyspiinchmg or otherwise, to 
machine language, it must be input to the computer, frequently, it must be 
sorted into one or more sequences, the files must be searched, data must be 
processed, and results must be output These become the ultimate means for 
estimating the processing times and costs These are specified for each file 
management function for each file, so that F, , i might be “key-punching in 
creation of the book fund file", Fua might be “processing requests for 
information from the vendor file”, and so forth 

Work Loads For each file management function-even, sometimes, for each 
processing opeiation-work loads must be defined Generally, these can be 
related to some specific characteristic of the library itself, sometimes they are 
determined by the nature of the data processing system itself These are 
specified as Yin , n “work load per month’’ on operation F jkt 

Components To anive at adequate criteria for evaluation of times and costs, 
the set of equipment must be analyzed into components whose processing rates 
can be somewhat well specified for each of the processing operations Generally, 
the division into personnel {key-puncktng and operating), input equipment, 
terminal equipment, the computer itself, tape files, direct access files, 
communication lines, and output equipment is an appropriate one 

Cost and Time Estimates It is possible (m principle) to develop estimates of 
costs and processing times for each component on each processing operation 
Generally, we will do this by estimating the following quantities (1) the overall 
processing time for each unit of wmk on a process, (2) the percentage of that 
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rigureT.l lUuJtrativ«”tiade-off’chait CoJipet lOOobooktcircolaledlmanual 

system, tneehanical system, and automatic sysieml (1) Manual system 

( ) (2) Mechanical system {axwexocxx) (3) Automated system 

( ) 

However, it must be recognized that the separate evaluation ol individual 
functions m the library will not lead to an adectuate evaluation of the efficiency 
of a total library system which combines all of the required functions To do so 
requires a quantitative model for system evaluation 

Approach to Analysis 

In Chapters 54 to 18. we diall provide parameters, equations, and illustrative 

examples of the estimation of processing limej and costs, as required for 
quantitative evaluation In doing this, the approach to analysis wiU be as 
follows 

1 To define the various forms and files involved 

2 To oolline the requirements they place on each of the b3Sic file 
management functions (as discussed m Chapter 6) 

3 To specify the parameten involved in the estimation of processing times 
and costs, including representative values where feasible 

4 To develop equations for such ejtinulion, and to illustrate them on a 
hypothetical, fairly large library 

Forms and Files. Each of the library subsystems involves the maintenance and 
use of a number of data files For example, a circulation system may require a 

4* Becker. lo«ph. and R M flayes. /nfomation Storafe and Kecfieyel Tools, 
tlemenn Theonei New Ymk Witey. 1963 ChapWf 15 
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Study 

4 LEVEL OF ANALYSIS FONCTION This describes the general level of 
detail at which processing tasks are twing considered 

5 BASIC UNITOFWORK This identifies the basic umt of work by which 
the effectiveness of the operations l>eing considered will be measured For 
example "titles cataloged,” “title orders issued,” and “volumes circulated ” 

6 COMP (Component) This identifies the particular component ot set of 
components involved m the eslimotesof the given line, consistent with the Level 
of Analysis Component, identified in (entry 3) 

7 OPERATION This identifies the particular operation or set of opera- 
tions involved m the estimates of the given line, consistent with the Level of 
Analysis Function, identified in (entry 4) 

8 NUMBER This IS the number of umts of work processed by the 
component and operation, for purposes of the estimation 

9 SIZE This IS a unit of ”size,” such as “number of characters,” as needed 
to derive time estimates from standard praceHing rate figures 
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time during which a component is committed to the operation, and (3) the cost 
of the component These will then be combined into a “measure of efficiency 
of the component on the operation TTiis really is only a means of describing, for 
example, "the commitment of ditcct-acccss files during the processing of 
requests for information from the vendor file ” For each file of each subsystem, 
we shall outline the parameters relevant to the evaluation of processing times for 
each processing operation. Wheie it is appropriate, representative values will be 
assigned to these parameters, not as “prescriptive" values but solely as a basis for 
illustration 

Overall System Evaluation From the data as presented m this way, several 
results essential to system evaluation can be derived In particular, if the 
respective efficiency measures (0,,^;) are multiplied by the work loads (l/n). the 
results can be summed to provide a measure of the extent of utihaation of each 
component 

I, v™ I 

Alternatively, they can be summed to provide a measure of the cost of each 
operation. 

Summing both ways provides an estimate of the total commitment of the 
equipment to the processing subsystem 

Generally the extent of utilization of each component will be significantly 
less than its actual processing capacity, even when all subsystems are considered 
To a degree, the excess capacity that this implies represents “overhead” that 
mghc be allocated to each subsystem, usually proportional to its use of the 
system as a whole To an extent, however, it represents a necessary part of the 
system as a whole, to provide capacity for peak-load requirements, additional 
functions, and a margin of safely As such, it should be charged to an overall 
system requirement and not to mdmdual subsystems 

Etjiiation Figuie 7 2 provides the format that we shall employ m Chapters 14 
to 1 8 for exhibiting the equations used in evaluation of processing times and 
costs 

The key to Figure 7 2 is as follows 

1 SUB SYSTEM This identifies the subsystem for which estimates are 
being made 

2 riLt This identifies the file or files included m the estimates 

3 LEVEL or ANALYSIS COMPONENT This describes the general level 

of detail at which the component equipment and personnel are being considered 
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Appendix 

Sample Information System Value Interview Form (emphasis on “Specific 
Incident" approach) (see following pages) A survey technique, using personal 
interviews among a specific user population for determining user requirements, is 
outlined below It consists of a prehminaiy interview guide, incorporating the 
so-called specific-incident approach The interview guide is designed to obtain 
four kinds of information ’ ^ 

1 A Lst of critical requirements, using the specific incident technique 

2 Measurements of selected requirements that are considered both 
important and susceptible to measurement 

3 Rank order of the importance of factors that were believed to be 
important to users and were amenable to tanking 

4 Background variables that imght influence the user needs (age, type of 
field, type of information, and the bke) 


INFORMATION SYSTEM VALUE INTERVIEW FORM 

We are conducting a study to evaluate the performance of an information 
lystem To do this, we have to know the needs of users of it Let me give you 
definitions for two terms I'U be using throughout thu interview (HAND 
RESPONDENT CARD AND LET HIM READ IT WITH YOU ) 

First, I am concerned with a speafic type of information-that is, 
(explanation of the information system and its purpose) I am not 
concerned with other types of information— that is (ehminate similar 
purposes which might confuse the respondent) 

Second, is the term service need This is when you, or someone else at 
your request, wants to obtain information from the system A service 
need can be extensive and made through one or more means, or it can be 
very bnef-such as looking through sources you keep m your own office 
Not included are requests for specific information that you know deal 
with the subject For example, yon are not being serviced when you ask 
the system to (explain what is not included) 

(TAKE BACK CARD A) 

1 Keeping this definition in mind, have you, or anyone requested by you, 
needed any service in the last yearV 

Yes No (IF NO. TERMINATE INTERVIEW) 

(IF YES, ASK) 

’’Adapted from Bourne e( al, AequiremeiR, Cnlene end Measures of Information 
Storage and Retrieyal Systems Stanford Research Instatate, 1961 
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10 FREQUENCY This IS the frequency With which the Specified number 

of units of work occurs in a time period (usually one month) If the basis for 
(entry 8) is daily, then (entry lO) be 20to 30, if it is weekly, then (entry 
10) might be 4 1/3, if it is monthly, then (entry 10) would be 1. 

1 1 RATE This specifies the rate at which the component performs the 
operation, in teims of time for (entry 9) 

12 TIME This is simply (entry 8) x (entry 9) x (entry 10) divided by 
(entry II) It provides the estimate of processing time during which the 
component is committed (during a month, for example) to the specified 
operation 

13 COST This IS the cost of the component for the unit of time involved 
in the activity in (entry 1 0) For example, “dollars per month ” 

14 PERCENT This IS the percentage of the cost of the component 
allocable to the specified operation (Deieimined pnmanly by the extent to 
which the component can handle a number of jobs simultaneously ) 

15 TOTAL Thist»simply(entry 12)x(«ntty 13))c(cntty 14) Itpiovides 
the estimate of costs allocable to the specified operation 

16 (Number of Basic Units of Work) This is the total number of basic 
units of work, as specified m (entry $) by which effectiveness will be measured 

17 (Total Processing Time) This is the total processing lime, as estiinated 

from the individual times (It may be less than ot equal to the sunt of them ) 

18 (TotalCost) This IS the sum of (entry IS) 

19 COST/EI FECTIVENESS Thmstheratio. (entry 18)/(entry 16) 

Problem Areas 

In the model as defined, there are a number of problem areas The first area 
relates to the difficulties involved m determining the efficiency values The 
second area relates to the variabibty in the basic volume data The model, as it 
has been used, assumes that the work-load figures are sufficiently representative 
of the character of the activity on each function for the purposes of system 
design It must be recognized, however, that an average value of a vanable 
distribution provides little insight on the effects of peak-load activity, such as 
queuing or system saturation Hiererore, the work load must be examined 
carefully and must be defined so as to reflect these effects 

The third area of difficulty, in the model as defined above, is m the definition 
and selection of the functions and components to be considered in the system 
design Thus, the model assumes that the choice of operations and the 
assignment of performance of them to the component subsystems have been 
completely prespecified This essentially begs certain questions What should be 
the choice of operations for the performance of some desired task? What should 
be the component subsystems'* What should be the assignment of tasks to the 
components'* These are the crucial problems in system design 
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Self 

Co-worker 

System operator 

Other 

Computer 

7 Do you recall the exact nature of your request-that is, did you just 
generally describe the subject, were certain terms used, or what? 

3 Which of these statements most nearly descnbes how urgently you needed 
the results when you requested Ihem't Ignore the importance of the results 
when you received them-we'U get to that next (HAND RESPONDENT 
CARD C) 

a Very urgent, other work held up 

b Important, needed to help determine course of future work or to 
help nil in gaps in your knowledge 
c Not very important, completeness of results had Ltfle pnonty 

(TAKE BACK CARDC) 

9 Sometimes a response turns up significant information and sometimes it 
adds little to your knowledge Which of these statements most nearly 
descnbes how important the results were^ (HAND RESPONDENT CARD) 

a Very important E g . changed the course of a project 
b Not very important E g , results were used as supplementary or 
back-up material 

c Unimportant E g , results had little or no effect on course of work 
(TAKE BACK CARD D) 

10a Approximately how long was it from the time you made your request 
until you had received the major group of relevant information^ 

10b Was this adequate or did you really need the material sooner^ (IF 
NEEDED SOONER, ASK HOW SOON) 

10c What was the maximum amount of time you could have waited for the 
major group of relevant information^ 

1 la How old was the most recent information provided? In other words, how 
recent was the matenal covered’ 

1 lb Was this adequate or did yon really need more recent material’ (IF 
NEEDED MORE RECENT MATERIAL. ASK HOW RECENT) 

11c Could you have gotten by with data that were all (START WITH 

TIME PERIOD AFTER “ADEQUATE” AND CONTINUE UNTIL 
RESPONDENT SAYS “NO”) 

12a In what forms did the data come to you’ (READ LIST OF DIFFERENT 
FORMS} 

1 2b Which of these do you generally prefer for this type of service’ 
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2 Roughly, how many times’ 

3a Here is a hst of some activities men m your position work m (HAND 
RESPONDENT CARD B) In what one activity do you spend the most 
working time’ 

3b. Which activities account for the majority of your service needs? (IF 
RESPONDENT GIVES MORE THAN THREE, ASK FOR THREE THAT 
ACCOUNT FOR THE MOST SERVICE NEEDS ) 

3c Now I’d like to ask you about the most re«nt service need you had while 
engaged m one of the acbwties you named Which of the activities you 
named required this service’ 

a General project planning 
b Theoretical design of experiments 
c Design of equipment, systems, and procedures 
d Conduct of lab expenrnents or field tests 
e Correlation of experimental results with theory, or vice versa 
f Review and evaluation of a specific project or product (a cntique) 
g Technical report wntmg 
h Technical proposal writing 
L Ptepatauon of lectutes ot technical papers 
j Keeping current with technical advances 

k Search for novel technical ideas on which to base new projects or 
new research 

1 Servmg as a consultant 
m Other 

(TAKE BACK CARD B) 

4 Do you recall some of the details of this service need’ 

Tes No (IF NO, SKIP TO QUESTION 19) 

5 a Do you recall anythmg happening dunng the service need that made for an 

easier or better response, or that made the response difficult’ For 
example, what was the most difficult or imtaling thmg that happened’ 
(PROBE) 

5b What was the easiest or most gratifying thmg that happened’ (PROBE) 

5c If a young engineer who had just jomed the staff had this same service 
need today, what advice would you give him to make the response easier’ 
(PROBE) 

5d What would you warn him about’ (PROBE) 

6 Who provides the service— you, a co-worker, a system operator, or 
someone else’ 
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1 6a Again on the type of service we've been discussing, how many of your own 
working days, weeks, or months would you be willing to spend on the 
work if you could be sure S0% of the relevant information were located? 

1 6b How much if 80% of the relevant information were located^ 

16c And if almost all were located^ 

17a Let's assume for a moment that you initiated a request for service of the 
type we've been discussmg Let’s say that you personally have spent X 
amount of time and that the response covered data up through (a period 
of time) but nothing more recent Proportionately how much more 
working time would you personally be willing to spend to see that sources 
up through (b period of time) were covered? (OBTAIN ANSWERS IN 
MULTIPLES OF “X’’-“Half again as much time", “Twice as much”, etc ) 

17b How much to see that sources up through (c period) were located? 

17c And sources up through (d period) ago? 

18 And now a general question about your needs for coverage-that is, the 
number of sources and period of time covered-fore// ffteJkwdro/rerv/ce 
you have needed in the past few years How often could you have used 
there servicer ignoring the fact that you may have been unable to get them 
with current tools’ (HAND RESPONDENT CARD F) 

19 Background information 


Suggested Readings 

The problem of evaluation of mechanized library systems, important though 
it IS, has been vutually untouched by the bbrary literature The comparable 
problem in busmess is sufficiently different that it's not clear that the literature 
there will be of great value However, the following references seem to be useful 
Cuadra, Carlos, Annual Review of Information Science end Technology, Vols 1 
and2,NewYork Wiley, 1966, 1967, Vol 3 and 4, Chicago Encyclopedia 
Bnttamca, 1968, 1969 

Each volume has had a chapter on system evaluation which will provide the 
reader not only with an up to date summary of the present state of knowledge 
but with a comprehensive coverage of the Klevant bterature as well 
Gregory, R H , and R L Van Horn, Automatic Data Processing Systems 
Principles and Procedures Belmont. California Wadsworth, 1963, pp 
191-200 and 552-638 

Lancaster, F W , Information Retrieval Systems Characteristics, Testing, and 
Evaluation New York Wiley, 1968 

This book IS remarkably clear in its presentation of methods and concepts of 
system evaluation It emphasizes both the operational aspects and the economic 
ones, and combines both mto a true cost/eHectiveness criterion 



IS2 System Budgeting and Evaluation 

1 2c Which of the others are not pietened bat generally adequate’ 

1 2d Ate there any that you consider inadequate for this type of service? 

13a Some irrelevant material is usually provided in response to a need. What 
proportion of the total time you spent would you guess was spent m 
culling out irrelevant or duplicate matenal’ 

13b Was that about right or should you have had to spend less of your time 
culling out inelevant or duplicate material’ (IF LESS, ASK WHAT 
PROPORTION) 

13c Of the time you spend, what js the maximum proportion of your time you 
would have been wilhng to spend culling out irrelevant matenal’ 

14 (HAND RESPONDENT GARDE AND READ ALONG W1 HI HIM) I am 
going to show you 7 cards, each of which contains a statement about a 
performance measure by which mformation systems can be judged It is 
important to realize that these measures are to a degree m conflict with 
one another For example, if you want your requests satisfied as quickly as 
possible, you normally must expect that some relevant matenal wiU be 
overlooked Similarly, if you want the system to produce all, or nearly all 
the relevant matenal, the you must expect a large number of irrelevant 
matenal in the results (HAND RESPONDENT GROUP OF CARDS) 

Please put these items in the order in whi^ you would Uatt want to 
compromise on the type of service we’ve been discussing Put those you 
feel strongly you wouldn’t want to compromise on your left, those you 
wouldn't mind compromismg on your right, and the othen in the middle 
Now. put those in each group in order If you feel two items are equal m 
importance, put them together 
Order 

a Mmimum time to get the major group of relevant matenal to 
you 

b Minimum of irrelevant matenal produced by the response 
c Minimum of relevanl matenal overlooked by the response 
d Material comes to you in form you prefer 
e Minimum of effort on your part to communicate your request 
for service 

f Certainty that speafied sources over certain period of time 
were analyzed 

(AFTER RECORDING, TAKE BACK CARD E AND GROUP OF CARDS) 
ISa On the type of service we’ve been discussing, how long from the time you 
make your request can you generally wait for a response which covers 50?6 
of the potential information^ 

1 5b How long for a response covering 80%? 

15c How long for a response covering all or almost all potential information’ 
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and architectural specifications (such as floor loading factors and raised floors) 
The implementation plan must ensure that the physical site is ready in lime for 
the installation of the hardware 

“Software" is the set of programs and procedures used in a data processing 
installation Development of them is the most complicated phase of the 
implementation, and perhaps the most expensive Since the amount of 
programming necessary for an installation sudi as a library is quite large, enough 
programmers must be available to ensure that programs will be operational 
within the time scheduled for implementation 

“Conversion of data" is the process of transferring existing manual records 
into machine-readable form (producing all the basic files that will be utilized by 
the computer), and loading the data into storage media for access by the 
computer 

A period of parallel running, where results obtained from a new system can 
be compared with those achieved by the prior system, is usually necessary as 
part of the switchover to a fully automated operation Parallel run may be 
compared to a comprehensive test, where the new system is called upon to 
demonstrate its ability to perform the required functions The success of this 
trial is directly related to the amount and quality of planning undertaken from 
the very beginning A conscientious planning effort, at all levels, and strict 
controls at the time of implementation are essential if the conversion and 
ultimate switchover is to be a success 

Training and the orientation of stalT and users are a vitally important part of 
implementation They must be made aware of the implications that mechaniza- 
tion will have for them, they must be prepared for the temporary dislocations 
that always anse in conversion to a new system.and they must be trained in the 
specific details of their own operational work 

Some of these functions will be earned out, partly, m parallel For example, 
programmers must commence writing programs even though the hardware 
necessary for testing may not yet be available in the library, and the programs 
must be tested on machine time borrowed elsewhere The design of formats for 
the mam master files must be completed at an early stage in the piogiamnung, 
but the actual conversion of existing files to the new formats will be done while 
the programs are being wntten 


PLANNING THE IMPLEMENTATION 

Our previous comment on the planning of a systems study applies even more 
to the planmng of the implementation ^lase of the program Budget control will 
be especially important during this phase, because of the relatively larger sums of 
money involved Therefore, a work breakdown structure must be developed to 



Chapter 8 

SYSTEM IMPLEMENTATION 


Once the evaluation and final selection of a system has been made, the time has 
come to implement it The following aspects must be considered (1) 
planning the implementation, (2) staffing and administrative organization, (3) 
hardware selection. (4) preparation of the physical site, (5) programming, (6) 
data conversion, (7) phase -over, and (8) orientation of library staff and users 
"Planning” has at least the same importance dunng implementation that it 
has m other phases of development The issues here relate to schedules, 
budgetary control, and genera) management of the implementation The 
management of data processing system design, development, and operations will 
require the addition of new staff This means that a person must be selected and 
assigned the management responsibility as well as the appropriate authonty and 
administrative organization to support his work. 

“Hardware” is a term used in data processing to denote the actual 
equipment— the computer, tape units, disk drives, card readers, high-speed 
printers, consoles, and terminals The tasks here consist of developing detailed 
specifications of the equipment to be purdiased, obtaining bids, selecting 
suppbers, setting delivery schedules, and csubhshmg the related time schedules 
for installation and testing until the equipment is completely ready for use 
The "physical site” is the space within which the hardware will be installed 
Electronic components of a computer system require special electrical wiring, 
environmental control (such as air conditioning, dust and humidity control), 

' Rosore P*ny t Oevelopmg Computer Baxd Information Systems New Yo'fc 
Wiley 1967 

* Wilbce L 1_. Management Infbtence On the Design of Data Hocetsmg Sytltmt 
Boston, Mju. CraJuate School ofBuancssAditiinitOition. Harvard, 1961 
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5 Contract for dchveiy of equipment 

6 Begin to accept delnciy of equipment 

7 Complete tnilalbllon of equipment 
D Events related to site preparation 

1 Complete preparation of Requests for Bid 

2 Receive bids 

3 Complete review ofbudgel 

4 Completeevahiatlonofbids 

5 Contract for preparation of site 

6 Begin preparation of aile 

7 Complete preparation of site 

E Events rebted to system development 

1 Establish implementation piogram pbn 

2 Establish geneial tpccificationa for programs 

3 Complete preparation of RRP's 

4 Receive bids 

5 Complete review of budget 

6 Complete evaluation of bids 

7 Contract for propaenming 

8 Complete choic« of programming bnguage and operat- 
ing system 

9 Complete deflmiion of formats 

10 Complete detaiteddesignofinodulei 

11 Complete ptopams 

12 Complcteoffsiiedebugpngofsystem 

13 Begin on-sicedebugguig of eystem 

1 4 Complete on site debugpng of eystem 

13 Complete fuUtcale sysum test 

16 Complete phaseovet 

17 PoUow-up 

F Events related to conversion 

1 Complete preparation of Rrp’f 

2 Receive bids 

3 Complete review of budget 

4 Complete evaluaiion of bids 

5 Contract for conversion 

6 Complete converaon of test files 

7 Complete ptebrnmaiy quality tests 

8 Complete conversion 

C Event! related to training and oncnCation 

1 Begin onenbtion of fabraty staff 

2 Beginonentationoflibraryusers 

3 Begin training of conversion staff 

4 Complete training of conversion staff 

5 Begin framing of operating staff 

6 Complete tiamuig of opeiatmg staff 

7 Complete orientatumoflibiary staff 

8 Complete onentatwo of library users 
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reflect new system specifications as well as the wnous activities peculiar to the 
implementation phase itself, goals must be establidted which reflect pnonties, 
and a PERT planning diagram must be developed, which identifies the 
interrelationships among taslcs required to adiieve the implementation 

The activities of other agencies (such as equipment vendors or contract 
programming and conversion personnel) that will participate in the implementa* 
tion phase of the library development pre^m must also be considered in the 
PERT diagram In the estimation of the required elapsed times, manpowd 
loadmg, and equipment and facility loading, speciafattentionmust be given to the 
uncertainties in the performance of these outside agencies, over which the 
library has little direct control Contmgency factors must therefore play a more 
significant role in scheduling activibes involved in the implementation phase 
than in the study phase 

Because of the large nurober of organizations involved m the implementation 
phase, reports on the progress of the program schedule will have great 
significance Outside orgamzational units may have infrequent access to 
information about the status of the library program beyond the most recent 
revision of the published program schedule. Thus, )t is especially important, 
during this phase, to renew the program with them penodically and update and 
publish the new program schedules that result from the renew 

A list of activities necessary for instaJlation of a new system in the library i* 
shown in Figure 8 1 A typical '‘network schedule*’ for them is shown in Figure 
S 2, including reprcsentativie overall lime estimates 

Figure 6 1 Event* in the implementation of a library system 


A Events pnor to beginning implementation 

1 IniUate planning study 

2 Establish budgeUiy conditions 

3 Complete feasibibty study 

4 Complete general design 

3 Complete review of budget 

6 Complete sytlem evaluation 

B Events related Co staffing 

1 Hire Assistant Libraiian for Mechanized Services 

2 Hire SystemsDepailmentstafr 

3 Hire Data Processing Depaitment staff 

C Eventsrebted toprocurementofhatdwaie 

1 Complete piepantion of Requests for Proposal (RFP’s) 

2 Receive bids 

3 Complete review of budges 

4 Complete evatualioii and sekebon of equipment 


> Archibald, RaeieU. and R L Viltarii. fftMrk Based Management Systems. 
<PERT/CPM) New York Wiley, 1967 
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ADMINISTRATIVE ORGANIZATION 

Design and developinent of mechanized library systems may require the 
addition of as many as three major new groups to the library (1) a library “Data 
Processing Department” for management of computer operations (if a library- 
based computer installation is involved), (2) a library “Systems Department” for 
development and maintenance of mechanized systems, and (3) a "Mechanized 
Information Services Department” to provide special expertise in mechanized 
information handling (if such services are added to the library's functions) and 
to serve as liaison with information service activities in other departments in the 
library 

Figure 8 3 IS a schematic organization chart in which the role of each 
department is highlighted, under the conditions requiring such a major 
involvement of mechamzation 


STAFFING 

Mechanized operation wdl require the addition of new staff as well as special 
training for the existing staff of the Lbrary* However, there are some 
particularly difficult slafOng problems The following paragraphs enumerate the 
kinds and numbers of personnel required and, in each case, estimate the salary 
level that the position calls for m terms of an existing library salary structure 
Unfortunately, there are senous inconsistenaes between those salaries and the 
competition for the limited number of people who combine knowledge of data 
processing and information retrieval with knowledge of bbraiies The problems 
raised are particularly acute for the position of "Assistant Librarian for 
Mechanized Services” and those of the three department supervisors 

It IS possible that in order to attract personnel with the required competence. 
It will be necessary to depart radically from existing salary scales On the other 
hand, this departure would raise piobleiiu in the working relationship between 
people in library positions of equivalent responsibility but with disparate 
salaries Because those problems ultimately could destroy the effectiveness of 
mechanized services, it has been assumed that salary scales consistent with others 
in the library will be used This means that personnel may need to be found 
among those with less experience but real capability 


* Heiliger, Edward M , '‘Staffing a Compater Based Libtaiy,' Library Journal, 89 duly 
1964). 2738-2739 




Figufc 8 2 Gtos! schedule for implementatioii < 
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Assistant Libnrbn for Meclianiied Senices 

The key person is the “Assistant Ubranan for Mechanized Services ” Within 
the general guidelines established by the libramn, he will be responsible for the 
analysis and design of the library's information system and for administration of 
the professional staff required for such work He analyzes prospective projects to 
ensure that all sources of data pertinent to the program have been identified. He 
evaluates existing services and those proposed for the future with regard to user 
needs, efficiency of equipment, and methods of operation He applies detailed 
technical knowledge of both computer based and manual library systems in such 
evaluation He prepares specifications for such services, including relating them 
with various existing programs He communicates results as necessary to carry 
out liaison with organizations, agencies, and individuals, in the library as well as 
outside It A salary comparable to that of an Assistant Lbranan for Technical 
Services should be planned on In 1968, for example, this might have been from 
$16^)00 to $18,000 m a large library 

Falling under the direction of the Assistant Librarian for Mechanized Services 
are the aspects of library operation that involve the mechanized equipment and 
Its utilization. Specifically, he » responsible for the Mechanized Information 
Services Etepartment. the Data Processing Department, and the Systems 
T^partment 

Mechanized Information Services Department 

^en mechanized information services are involved in a new system, a 
“Mechanized Information Services Department” (MIS) would provide the special 
expertise m information handbng in support of the other departments of the 
library Its primary staffing needs are for “information specialists,” who will 
function under the direction of the Supervisor of the MIS Department (an 
“Associate Information Specialist”) A salary comparable to that of other libiary 
department heads should be planned on In 1968, for example, this might have 
been in the range of $12,000 to $15,000 He plans, organizes, and coordinates 
the activities of the other departments of the library to assure successful 
operation of mechanized information services He provides liaison with other 
libranes with respect to such services He assigns information specialists, under 
his direction, to assist in determnung requuernents for magnetic tape acquisi- 
tions, in cataloging and describing acquisitions properly, in phrasing of requests 
for service, and in scheduling the processing of files (This aspect of his 
responsibilities will be discussed in Chapter 19 ) 

His staff consists of two or more Assistant Information Specialists (with 
salaries m 1968 of about $10,000 to $12,000). who serve as the means for 
uornmumcation between librarians and mechanized data files and reference files 




Figure 8 3 
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determined rules, and key-punchers In 1968, their salaries would have been 
from SSOOO to S7000 each 

Systems Department 

Under the general direction of the Assistant Librarian for Mechanized 
Services, the Systems Department n responsible for the analysis and design of 
data processing and informatton handling systems for the library * It functions 
under the direction of the Supennsoi of the Systems Department, who is an 
Associate Information Systems Specialist (with a salary in 1968 of S12.000 to 
S1S,000) He IS responsible for direct supervision of analysts and programmers, 
and for outlining detailed procedures to be followed He works closely with 
librarians and other library personnel in the definition of their specific 
requirements 

Under his direction is a staff of Information Systems Specialists (with salaries 
in 1968 of S9000 to Si 2,000) who are capable of one or more of the following 
tasks analysis of information handling functions and the development of general 
system design, application of analytical techniques to the study and evaluation 
of both existing systems and procedures to assigned tasks, conversion of existing 
operations to new ones, and preparation of detailed manuals for operation Also 
under his direction is a staff of Programmers (with salaries in 1 968 from S9000 
to $12,000), responsible for the actual work of programming the computet ^ 

In other library departments there may also be need for additional or 
different personnel There is, however, a real need for orientation of the present 
staff to the particular problems of mechanized services and the methods for 
solution of them 


hardware 

The reqviTements far equipment to be used in the system must be specified m 
sufficient detail so that manufacturers, or other suppliers, can prepare proposals 
These requirements are embodied in "Requests for Proposal” (RFP’s) and are 
sent out to a selected hst of bidders An RFP usually specifies factors such as 
those listed in Figure 8 4, to which the bidders should respond * 


* Minder, Thomas. ‘ Libiaty Systems Analyst-A Job Descnption,” College and 
Research Libranes 27 (4) (July 1966). 271-276 

’ Percy, D K , Computer ProgrammerSdeenanmdTesnng Santa Monica, Cabfomia 
System Development Corporation, March 21, 1962 

* Gregory, R H , and R L Van Horn, Automatic Data Processing Systems Principles 
and Procedures Belmont, California Wadsworth, 1963, pp 634-636 



192 System Implementation 


They evaluate mechanized data to ensure complete accuracy in the description 
of material and m an appropriate depth of indexing for value in later retrieval 
They assist in deterrrung the needs for information in formulating requests for 
mechanized search and in analyzing retrieved information for presentation to the 
user. They ensure appropriate disseimnation of incoming information to users 
They have sufficient technical knowledge of information storage and retneval 
systems to use them effectively. 


Data Processing Department 


If a hbrary-based computer installation is required, a Data Processing 
Department is needed to manage its operation, with responsibihty not only for 
the computer itself hut for penpheral equipment elsewhere m the library * The 
Supervisor of the Data Processing Department (with a salary in 1968 of $12^)00 
to $15,000) would plan, organize, and control the operation of the computer 
and peripheral data processing equipment to obtain maximum usage He would 
assign personnel under his direction to various operations and instruct them 
where necessary so that they are trained to perform assigned duties in 
accordance with established methods and procedures He would provide 
techrucal liaison with computer facdiUes outside the library m order to 
coordinate acuvilies He would review equipment logs and reports on equipment 
Gyrating efficiency He must be familiar at the working level with all phases of 
the operation, and should have a knowledge of computer programming suffiaent 
0 ugnose malfunctions that result from operation, equipment, or program- 


tfc i^ould require the assistance of a Uad Computer Operator for each shift 
a salary in 1968 of about $10,000 to $12,000). who should have technical 
knovdejlge of computer operations comparable to a Senior Computer Operator 
(see t«low) and also supervisory capabJiy for instructing, assignmg, directing, 
checking the work of the other computer operaton, including the senion 
ey assist m the scheduling of the operations and the assignment of personnel 
10 me wrious items of equipment required for computer functions They may 
.t Vj absence of the Department Supervisor The stalT 

If Opfulm fot «ch shift (wilh I sskry in 1968 

sboul SS.(ra). ssho should be coiispeieni to woik st all phases orcompotet 
Openiion »iih veTs little ass,. lance Olhe, peisonnel-a total of perhaps ten for 
' PP'"'"’"-’';™"' ■"fl'nl- junior o, trainee eonspnler openlois 

a clencal staff to receive 

requests for computer use and to process the requests according to pre- 


’ LiMiion C M 
• Jgly J96:) 29 JZ 


•A Suntey pf Computer Faciliiy Miniftment." Datamation 8 (7) 
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Figure 8 4 (tonnnutd/ 


8 Maintenance contract} 

(a) Maintenance contract con, nivice penonnel, ichcduled maintenance period, 
availability of a lunitai machine during extended down time, and renewal 
conditions 

(b) Terms and rate of Initial contract and renewal period 

(c) Provision for replacing parts, testing equipment, and maintenance 

(d) Cost of maintenance parts and supplier 

9 Design changes 

(a) Replacemenlofunsatisfactotyunits 

(b) Arrangements for lecunttg improvements or new models including trade m 
10 Expandibility 

(a) Additional units that can be added input, output, storage, piocessmg, and 
interrogation 

(b) Other equipment that will accept media directly from this equipment 

(c) Equipment available for media conversion 


The pioposah leceived mtuc then he evaltuied for their relative merits, for 
the extent to which they indeed meet the hbjaty’s needs, and for the effect that 
the proposed costs will have on the library’s budgetary program On the basis of 
this evaluation, contractors will be selected and equipment will be scheduled for 
delivery 

In the evaluation, a fundamental question is Does the manufacturer's 
proposal provide sufficient detail and show that he understands the problems of 
the library and is in a position to submit appropriate equipment recommenda- 
tions9 This question can be answered by evaluating the equipment proposal 
against the entena established duruig the appbcations study and stated in the bid 
invitation 

Frequently, this process of requesting and evaluating proposals is by-passed 
For example, when the salesman for a sappltet (ay, a computei company) has 
been able to convince the librarian that a system designed around his company’s 
equipment will provide the best answer to the Ubrary's needs, the library wJl 
usually sign a “letter of intent”— a statement of interest that is not binding on 
the library but that does ensure that equipment will be made available on the 
schedule desired Then the format contract for delivery is signed at a later time 
However, if this approach is adopted, it should be remembered that manufact 
urers have interests different from those of the library Although a manufacturer 
can readily specify the technical capabihties of his equipment, the library must 
be responsible for determining whether they vnll meet its particular require- 
ments This IS true even thou^ the manufacturer may assist in analyzing 
applications requirements An exception may arise when a manufacturer 
guarantees satisfactory performance for an application Usually, however, he will 




Figure 8 4 Check list of daU to be provided in a manufactuiei's proposal 


I. General description of proposed system 

(a) Equipment configuntjon 

(b) Software system 

(c) Procedural system 

2 Details of equipment configuration 

(a) Description make, model, and quantity of each unit of equipment 

(b) Form of data handled numeiK or alphanumenc, and flted or variable field 
data structure 

(c) Storage capacities and methods direct and sequential access 

(d) Adequacy of controb, method of checking, and average “mean eiror-fiee time 

(e) Operating instrucUons for each major unit 
3. Details of software and procedural issues 

(a) Form of input documents and data 

(b) Time estimates for each piece of equipment to handle each majot job. and the 
total time available 

(e) Flow charts of jobs showing recommended techniques 

(d) Examples of deuiled coding for leptesentative applications 

(e) Operating suppbes needed 

4 Delivery schedules 

(a) Delivery date 

(b) Length of tune to check equipment and gel it into operating condition 

(c) Penalties for late delivery or fadute to deliver equipment that is contiaeted for 

5 Installation requirements, including both recommended and extreme conditions for 
manufachiret's guarantee 

(a) Sire, weight, floor space, and height fot each unit, including auxiliary 
equipment 

(b) Electric power -public utility ot special equipjnent-and wiring requirements 

(c) Air conditioning humidity, temperature, dost, and special protection 

(d) Space for files, supplies, maintenance parts, test operations, personnel, and 
visitors 

6 Support to be provided by manofactuier 

(a) Arailabibty of engineers ot technicians for analyas, programming, and 
instaUaCion 

(b) Training courses for library’s programmers and operators 

(c) Availability ot equipment forusem program debugging 

(d) The manufacturer’s software package for programming and assistance available 
by participating m the equipment usen aatoaations 

^ Financial aspects 

(a) Rental rate, term of contiacl. renewal, and cancellaUon 

(b) Differentul in rates for one. two. ot three shifts operation or on a monthly 
bans and rate adjustment for excessive down time 

(c) Terms of payment, ducounl. and financing arrangements 

M) ^arantees on equipment operation, availability of special suppbes 

(e) Terms of any purchase option, inrttal depout required, fraction of rental 
payments credited toward purchase. and expiraLon date 
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Cost IS important and is a suitable criterion, if all costs-intangible as well as 
tangible-are counted The impact of a remote location on communications 
between the data processing center and other parts of the library is just as 
important as the cost of installing an air-conditioning system Other factors in 
selecting a suitable location and layout are 

) Adequate floor strength to support the weights involved 

2 Head room sufficient for largest components 

3 Isolation from machinery or other facton creating an unfavonble 
environment 

4 Appropriate electric, water, and other utilities 

5 Location of entrances and exits adequate for equipment and convenient 
for personnel and traffic flow 

6 Adequate operating and maintenance space around each component 

7 “Show-room” window for viewing by casual visitors. 

The layout of space should be determined early, so as to fix the location of 
power lines, lighting, and air conditioning Engineering and detailed planning of 
the area to be used or constructed for data processing equipment can be handled 
in the same way as other library building modifications The manufacturer’s 
representatives and the library's building staff are best able to convert equipment 
specifications into space layouts and facibiies plans The library building stafi 
can then supervise the preparatory work (including wniing the RFP's), the 
awarding of contracts, and actual installation An alternative approach (probably 
best suited to special design equipment) is to contract with the manufacturer for 
a complete installation. In this case, a manufacturer's representative functions 
much like a building or plant engineer dunng the construction and installation 
phase 


Space 

Provision must be made for the central processing facility itself A 
representative space allocation might be as follows 

(a) For the central processing facihty itself— 1000 square feet (see Figure 
8 5) 

(b) For immediately adjacent service area for storage of spare parts and test 
equipment—IOO square feet 

(c) For storage of tapes, discs, and other forms of mechanized storage— 300 
square feet adjacent to the central processing facdity (see Figure 8 6) 

(d) For storage of cards, faims, and other supplies— 200 square feet 
(located away from centra! processing facdity, but convenient to it) 
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merely deliver equipment It is the customer's responsibility to apply •! 
efficiently 

A long period of time— the lead time— usually occurs between the contract 
with a manufacturer and the delivery of electromc equipment For develop- 
mental equipment, this can be especially long and subject to change, because the 
manufacturer may take longer to design, construct, and lest than he planned 
This point is important because it is not uncommon for a new piece of 
equipment of potential value to libraries to be so widely discussed that many 
people are led to believe that it is operational, proven, and “off-the-shelf" 
However, it is not unusual for one or two years or more (depending on the 
complexity of the equipment) to elapse between the time people begin 
discussing the characteristics of a device and the time when it is actually 
available. Unfortunately, the pressure of competition has sometimes led vendors 
to promise unrealistically short delivery schedules for equipment despite the 
extraordinarily high risk of inadequate peiformance or slippage in delivery 
schedules for a newly developed piece of equipment 

Even so, libtanes usually will find that they still will have insuffiaent time for 
analysis, pto|raminin|, and debugging lAifortunately, scheduling equipment 
debvery only when the end of programiiung and testing is in sight produces s 
lead time that is likely to be too long TTie problem is much simpler when new 
equipment replaces similar equipment and if only minor changes are made in the 
operating system and processor programs 

Complex equipment is almost always installed and checked out by the 
manufacturers before being turned over to the user The manufacturer has 

diagnostic routines” specifically designed for testing various features, and 
newly developed equipment, m particular, requires more thorough testing of ihis 
kind than established equipment 
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At the architectural level, the use of computers means a new look at library 
layout, since the effects of automation can radically change organizational 
relationships in library technical services and the flow of information and 
malenal At the engmeenng level, it means concern with environmental control, 
with needs for cabling, with structural planning for equipment, with Lghtmg for 
conwles and mictordm reading, and with acoustics of input and output devices 

such as typewriters and printers ’ 

The location of space for equipment and personnel depends on many factors 


o i ‘SMSyitemsDevdopmenlOwUion. September 1961 
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Figure 8 6 Storage space plan (Dach Upe bay u 36 inches wide and has 
6 shc^es The total capacity of a bay is 120 tapes or 30 disk packs There 
aie 20 bays shown The area included in the space plan is 17 feel x 18 feet, 
or 306 square feet ) 

(e) For offices to house the manager, operating personnel, and program- 
mers— 400 square feet (convenient to the facility) 

(0 For key-punching personnel-IOOsquarc feet (convenient to the facility 
in an acoustically controlled room) 

Environment 

The central processing facility itself needs to be environmentally controlled 

(a) Temperature must be held near 75“F (in the range of 60-90) (Since the 
heat load generated by a typical installation is about 52,000 btu, this implies 
roughly 4 1/2 tons) 

(b) Humidity must be held near 50 percent relative (in the range of 40 to 
60 percent) This has particular significance for the magnetic tapes, which tend 
to change then operating characteristics under excessively low or high humidity 
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Sometimes the supplier of equipment will even imply that it is a negligible task, 
completely solved by the packaged routines he provides Unfortunately, it is not 
that simple, and the equipment suppher will usually be of assistance only if and 
when disaster looms 

In fact, the task of programming a library system of any significant 
magnitude is a major one, requiring a fairly targe staff of programmers Most 
libraries will not want to build up such a staff withm their own administrative 
structure and will therefore turn to outside organizations This implies (just as 
for hardware) the preparation of “Requests for Proposal" to be sent to a 
selected list of “software firms” (that is. companies providing programming 
services) A set of general specifications for these programs should have been 
prepared by the time the total system was designed and evaluated These 
specifications could not, however, detail exactly how the performance require- 
ments would be achieved on the equipment finally chosen to be used They only 
indicate how the system mi^l be subdivided into a number of program modules 
for implementation, with due consideration given to the kinds and amount of 
equipment which might be required Now these generalized and preliminary 
ideas must be translated into concrete and detailed specifications for the 
operational computer program modules and embodied in the RFP 

Once the proposals have been received and evaluated, a software contractor 
will be chosen (or the decision will be made to do the job withm the library 
Itself) At this point, however, the greatest caution must be taken Few software 
firms today have real knowledge of the character and complexity of the library’s 
data processing tasks They tend to view them as relatively trivial and, at most, 
simply analogous to standard data processing functions in business Unfor- 
tunately, it IS almost impossible to provide sufficient detail in an RFP to 
guarantee a full understanding and appreciation of the real requirements The 
potential contractors will therefore regard the general specifications of the RFP 
m a familiar context and will quotes costs and times that are likely to be far too 
low The results will be either a failure to meet the real needs of the library, a 
significant slippage in time, a significant increase in cost, or all three 

Unlike the acquisition of equipment, in whidi the only major interaction 
between Lbrary and contractor will lelate to the actual installation, the 
acquisition of software requires continual interaction Programming must relate 
to the library’s work in conversion of files, in changing its own procedures, and 
in phasmg-over from previous operations to new ones It is therefore extremely 
important for the library to understand, to rnonitor, and even to control the 
work of the software group 

This work will proceed in at least five separate stages of special importance to 
the library (1) selection of the programming language and operating system, (2) 
definition of the formats of files, forms, and reports, (3) detailed specification of 
program modules, (4) programming, and (5) debugging 
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(c) Dust must be controlled according to prescribed standards, agam 
pnmarily because of its effects on the reliability of magnetic reading and 
recording systems. 

(d) There should be recorders for both temperature and humidity so that as 
variations occur they can be pinpointed in tune 

(e) A cut-off for the air-condiliomng system should be provided within the 
facility 

The various mechanical umls— sudi as pnnters, card readers and punches, and 
key-punches-tend to be noisy Acoustical control rt thus essential, particularly 
where card equipment is involved 


Power Supply 

The required power supply is a function of the specific configuration of 
equipment. A typical load Is 20 kVA at 175 amp This can be either 208 or 230 
and includes both three phase and single phase Because a stable power source is 
essential, surges must be controlled to within 5 to 10 percent This implies an 
“isolation transformer’' a power cutoff in the facility, and a ground wire 
( green wire) to a welMeflned “budding ground.” There should be a 
continuous recording of the volugc. 

The wiring and cabling within the facibty should be placed under the floor, 
which implies either a false floor raised 12 indies or a recess of 12 inches under 
the floor 

Peripheral units, induduig pomt-of-action recorders, typewriter-type 
terminals, and displays, will be located throu^out the library building. They 
usuaUy mvolve connection by cables to multiplexing units or bufTen and then 
by telephone line to a teleprocessmg temunal in the facility. In particular, a 
typical penphetal unit is an IBM 1030 Data CollecUon System, which accepts 
prepunched cards (such as book cards and bonower cards) and transmits 
mforraation from them to a key-punch or to an on-line computer A second type 
of unit IS a typewnter terminal. These can have the necessary buffer equipment 
directly associated with each and thus require connection only to a telephone 
Ime A third type of unit is the cathode ray tube display, which requires a higher 
transmission rate and uses a separate multiplexing unit 


PROGRANLMINC 

Workable and efficient processor routines must be prepared before the new 
system can become operational The newcomer to the problem of programming 
might wonder why this work would not be done by the suppLer of equipment 
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debugging al other tnstallationj available on an optimal schedule The "turn- 
atound time”-from Uie submission of a program to be tested until the results 
are available for analysis-can be as much as 24 hours This means that the time 
for debugging 15 likely to be far longer than was initially planned (2) The off-site 
equipment is almost certain to be a dinerent conHguration from that which will 
be installed as the operating equipment Therefore, it wdl still be necessary to 
check-out the programs at the "on-site" facility 


DATA CONVERSION 

Existing files (manual or mechanized) must be converted to new formats and 
media Catalogs, serial records, borrower registrations, circulation records, 
vendor files, book fund records, and personnel files must eventually be 
transferred from their present form 

Because of the sizes of the files that are the heart of a library's operation, tius 
part of implementation is likely to involve the brgest single capital investment 
It IS of such magnitude that, to some extent, the spread of mechanization 
libraries has awaited the development ol adequate, economic 
approaches to it The most important steps arc the ones taken by the Library of 
Congress m its MARC project and “national serials project." since these steps 
will provide both a set of national standards for data formats and a central 
source of mechanized Lbrary data Rebted efforts are those by libraries, 
throughout the country, trying to develop a cooperative program of data 
conversion, sharing common data bases m standard format with each other for a 
consequent reduction in conversion costs to the individual library Despite these 
efforts, however, the individual library will always be faced with the conversion 
of its own files, and all that these national efforts may do is to make the 
conversion a little easier to accomplidi 

Because of the size of manpower coennutment for conversion, the library is 
unlikely to want to add the staff necessary for this one-time effort or to provide 
the day-to-day management that it requires Again, Requests for Proposal must 
be prepared, which specify the magmtude of the task to be done, the required 
formats, and the time schedule The tasks wdl involve one or more of the 
following (some of which may be done by the library and others by contract 
personnel) (a) planning the schedule with which files and portions of each file 
Will be converted, (b) copying filesso that the conversion will not interfere with 
existing operations, (c) verifying the accuracy of existing records and reconciling 


Avtim, Henrietle, et al. The MARC tl Format Washington D C Libraiy of 
Congress, 1968 
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The selection of the “programming hnguage” and “operating system” is the 
first step Machine manufacturers ordmanly support their equipment with 
packages of “utility” programs for performing a wide range of basic data 
processing functions (bke sorting, merging, file structuring, and file modifica- 
tion) These utility programs are usually available as parts of the equipment's 
“operating system ” Thus, when a programmer finds a requirement to perform 
one of the functions for which a standard utility program exists, he need only 
call in that program for execution as one step in the program he is writing It i* 
not mconceivable that a library application program wntten for a very restricted 
phase of a library operation could be adapted the same way However, in order 
to use the utility programs provided by the equipment manufacturers, 
application programs requite adaptation of them to the library’s requirements 
Thus, a study of the characteristics of the programining languages themselves 
and the selection of an optimum language for library systems programming may 
be without meaning unless the computer’s operating system is capable of 
handling the particular language selected 

Followmg the choice of programming language and operatmg system, each of 
the formats must be defined-mtemal, computer-based files, input forms, and 
output reports This wJl have immediate significance to the library, since many 
cxistmg files of data will need to be convened to the new formats (as will be 
discussed later) From this point, the programming group must be continually 
aware of the library’s requirements as the programs become mere and more 
specific until, finally, computer programs are debugged 

In contrast to mechanized systems, manual systems can continue to operate 
reasonably well, despite then very high tales of error, because people can 
tolerate a modest number of some kinds of mistakes and can still function 
efficiently The number of mistakes and mconsistenaes in files, uncovered 
during the conversion phase, usually indiate that manual systems have more 
faults than is generally realized Equipment, on the other hand, when faced with 
a mistake, either stops operations or follows the mistake to what may be absurd 
and catastrophic conclusions Since data processing programs, when first 
prepared, are almost certain to contain erroneous logic, elaborate procedures 
(called ‘debugging’’) ate needed for screening out the mistakes in program 
preparation Locating program mistakes is essentially a refined process of trial 
and enot, and can take a lot of tune, especially in the early stages of system 
development, before the programmers develop full knowledge of the routmes 
Accordingly, the programmers should wnle routmes and substantially debug 
them before the equipment »s installed 

Debugging time is sometimes furnished by the equipment manufacturer, 
although additional time is usually needed and must be obtained at a service 
center or at another user’s insuHation On the other hand, there are two 
cautions about “off-site" debugging (1) Rarely is the machine time for 
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debugging at other installations avaibbte on an optimal schedule The “turn- 
around time"-from the submission of a program to be tested until the results 
are available for analysis-can be as much as 24 hours This means that the time 
for debugging is likely to be far longer than was initially planned (2) The off-site 
equipment is almost certain to be a differenl configuration from that which will 
be installed as the operating equipment Therefore, it will still be necessary to 
check-out the programs at the “on-sitc” facility 


data conversion 

Existing files (manual or mcchanired) most be converted to new formats and 
media Catalogs, serial records, borrower registrations, circulation records, 
vendor files, book fund records, and personnel files must eventually be 
transferred from their present form 

Because of the sizes of the files that arc the heart of a library’s operation, this 
part of implementation is likely to involve the largest single capita] investment 
|t u of such magnitude that, to some extent, the spread of mechanization 
Bt libraries has awaited the development of adequate, economic 
approaches to it The most important steps are the ones taken by the Library of 
Congress in its MARC project and “national serials project," since these steps 
will provide both a set of national standards for data formats and a central 
source of mechanized library data'® Related efforts are those by libraries, 
throughout the country, trying to develop a cooperative program of data 
conversion, sharing common data bases in standard format with each other for a 
Consequent reduction in conveision costs to the individual library Despite these 
efforts, however, the individual library will always be faced with the conversion 
of Its Own files, and all that these national efforts may do is to make the 
conversion a little easier to accomplish 

Because of the sue of manpower conirmtment for conversion, the library is 
unlikely to want to add the staff necessary for this one-time effort or to provide 
the day to-day management that it requires Again, Requests for Proposal must 
be prepared, which specify the magnitude of the task to be done, the required 
formats, and the time schedule The tasks will involve one or more of the 
following {some of which may be done by the library and others by contract 
personnel) (a) planning the schedule svith which files and portions of each file 
Will be converted, (b) copying files so that the conversion will not interfere with 
existing operations, (c) verifying the accuracy of existing records and reconciling 

‘ ° Avram. Hennctte, t-i al , The MARC II Avmsr Washington D C Library of 
Congress, 1968 
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differences among them, (d) editing the records so that they wiH be complete 
and ready for the clerical operations of conversion, (e) key-boarding, (0 mput to 
mechanized files, and (g) error detection and correction 

There are many methods for scheduling the conversion Records in some 
flies may be converted only when they become active Other files may be 
converted in the order in which they arc filed Other files may be converted m 
inverse chronological order {the most recent items being converted first) 
Some files may be converted record by record, from verification to editing to 
key-boarding to input to correction In other files, records may be batched— all 
being venfied, then all being edited, and so on The variety of schedulK^ 
possibilities is so great and so dependent on file specific situation in the 
individual library that no general rules can be formulated But one point can be 
made, the conversion must be scheduled and very carefully so 

Copying the files may or may not be necessary Normally the process of 
conversion would require delivery of the existing records to the location of the 
conversion staff and therefore would lemove them from the present operation 
\Vhen this would cause disruption of present operations, they should be copied 
Furthermore, the subsequent steps of editing and key-boardmg are likely to b® 
facilitated if the staff has its own copy of the record to work with 

Verification of records also may or may not be necessary Records of serial 
holdings, for example, are so bkely to be erroneous that verification may be 
called for Financial records usually must be verified simply because of their 
nature On the other hand, the size of a catalog is so great that verification 
would teem to be out of the question 

Editing 1$ needed because the content of existing records may differ from 
that of the corresponding mechanized records Some data may need to be added 
(for instance, codes for identification of different fields), and other data may 
need to be deleted Moreover, the efficiency of subsequent key-boarding will be 
vastly increased, at relatively minor cost during editing, if the beginning and end 
of each field of data are indicated on the source record 


Key-boardmg and input arc the processes by which manual records are 
actually converted to machine readable fonn In Chapter 11, many different 
ways of carrying out these steps are discussed 

Error prevention (through proper design offorms), detection, and correction 
IS necessary because of the inaccuracies inherent in any manual operation. Some 
of i( rnay be earned out by the computer itself, by comparing input data with 
defined cnteria of consistency Some of it may involve proofreading One point, 

however, is important it is certain that files of the size involved in the operation 

of a library will contain errors and. in fact, no amount of error detection and 
cofieclion can eliminate all of them The only issue is l^bat degree of error is 
acceptable and what wtUucosttoachievcit'* 
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PHASE-OVER 

A phase-over plan must be developed so that the new system will assume 
operational responsibility with minimum degradation of the library's perfor- 
mance This implies some period of time in which the manual system is gradually 
phased out and the replacement system is phased in 

Approaches to Phase-Over 

There are four fundamental approaches to system phase-over total, pilot, 
phased, and parallel Each has its own particular advantages and disadvantages 
for each specific installation situation Consequently, a single approach cannot 
be prescribed for all system installations 

The total (or all-at-once) approach to system installation is by far the most 
demanding of the four With this approach, on a given date the old system is 
abandoned and the new system takes its place It requires unusually careful 
planning and coordination personnel must be well indoctrinated, trained, and 
prepared for handling a host of problems The all-at-once approach to system 
installation, therefore, should not be selected when the new system involves a 
radically modified approach, major items of new equipment, widely separated 
elements in the operation, a significant degree of personnel resistance, or an 
enormous volume of work that must be handled 

When the library can be divided into many sub-units (such as branches), 
which are relatively self-contained, it may be possible to implement the system 
in one of the subunits without significantly affecting the operation of the other 
units This kind of pilot operation has several advantages (1) It permits the 
selection of the particular organizational unit in which the personnel are most 
ready to accept the new system The successful operation of the system in one 
branch of the Lbiary Can provide a strong motivating influence on hesitant 
personnel in other units (2) It makes the operation of the new system more 
manageable during the initial shakedown period, since the smaller processing 
load minimizes the risk ot operating people being overwhelmed by the problems 
that always accompany the installation of a new system (3) The installation of a 
system module on a small scale can usually be accomplished more quickly This 
could be significant where the system installation has been preceded by a long 
penod of analysis and design, and management personnel are anxious to see 
some results of the effort (4) This techruque of system installation permits the 
phase-over to progress at a more relaxed pace, mstallatlon in other branches does 
not need to commence until everyone is satufied that the pilot operation is 
running smoothly 
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In the phased (or piecemeal) approach to system installation, the system itself 
IS broken down into a number of modules or discrete procedures that are 
installed one at a time, in sequence, until the entire system has been 
implemented All of the arguments apinst adopting the all-at-once approach to 
system installation become arguments for adopting the phased approach 
Although the phased approach takes longer, there is more time to detect and 
correct problems resulting from deliaenaes in system design It is the cautious, 
careful, conservative approach to system phase-over Unfortunately, not every 
system can he installed in this way, because it may not be possible to break the 
system down into sigmficant and relatively independent procedures Installation 
of only a portion of a system may introduce inefficiencies. While these will not 
be present when the entire system is finally implemented, some penonnel may 
regard them as support for their contention that “the old way was better ” By 
stretching out the installation period, one runs the nsk that personnel will lose 
interest m the project, mabng installation of subsequent procedures more 
difficult 

The fourth basic approach to system installation-the parallel approach-w 
one in which both the old and the new system are operated side by side for a 
period of time. Only when the new system is performing satisfactorily is the old 
one dropped This approach is indicated whenever the consequences of failing to 
produce the operational output by a specified time would be disastrous 
Therefore, it is very likely to be the one adopted by the bbrary Naturally, this 
approach is the most costly of the four, because two systems must be operated 
simultaneously to perform the same functions Discrepancies between the 
mformation provided by the two systems nught be difficult to resolve. On the 
other hand, this approach does permit operating personnel to compare th® 
efforts requited and the results produced by each of the two systems and, thus, 
to arrive at their own conclusions about which of the two systems is better. 


Stages of Phase-Over 

Several distinct stages can be distinguished m phase-over from an existing 
system to a new one system integraUon. parallel operation (if that approach is 
involved), final conversion, and foUow-up 

System Integration. System integration is particularly essential as part of a 
phase-over plan, since many organizations and agencies will normally have been 
involved m development and installation of the system. Dunng installation, the 
culminalion of all the efforts of these diverse organizations is reached. For the 
first time, all the components of the ^stem are brought together as a functioning 
entity in the library, and an cimronment is available for a critical senes of 
full-scale tests-tests in which the system is put through its operational paces. 
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involving operational personnel, operational computer programs, operational 
facilities, and operational equipment In these tests, system performance is 
measured by the highest-level performance standards-the formally specified 
system requirements Thus, these tests supercede all prior tests, svhich have 
evaluated only the components accordmg to their respective subsystem 
standards Even if all parts of the system may have passed these tests with flying 
colours, the total system may still fail when measured against its requirements 

This testing must be accomplished without a chaotic situation in which the 
representatives of the various organizations attempt to install and test different 
elements of the system at the same time in the same space the computer 
manufacturer is concerned with checking out the computet itself and its utility 
programs, the software system developer wants to test out his operational 
computer programs on the computer, and the hbrary's own operating staff will 
need to test the computer, both for hardware operation and for the operation of 
computer software To prevent confusion, inadequate testing, and the waste of 
valuable computer time, it is essential that this period in utilization of the 
computer be carefully scheduled by the library in cooperation with its 
contractors 

The pressure to attain maximum use increases quickly after the equipment is 
accepted This pressure will cntically test the adequacy of all pnor planning, 
hence, an established plan m imperative for guiding an orderly phase-over and 
for evaluating its progress 

Parallel Operation Mistakes and errors can be detected without contamina- 
ting real data and disrupting actual operations by use of a period of operation in 
parallel with the existing system The new system handles samples of 
transactions, in parallel with the old, for comparison of results, the old system 
continues to handle all transactions and remains the pnmary source of operating 
information 

Final Conversion When system rehability is proved by such parallel 
operations, processing can be shifted to she new system The old system may be 
operated a little longer in order to contmue to venfy the accuracy of results and 
to serve as a safeguard against system failure during final conversion but, usually, 
users of automatic equipment find that the output from a logically correct and 
debugged program is so accurate that such parallel operation is not required 

Follow-Up After test, parallel operation. and final conversion.it is necessary 
to follow-up and continually review the operation with all operating personnel 
who run the system and people in adjacent departments who receive information 
from the new system Particular attention should be paid to the problems that 
they have experienced and to the corrective measures that they recommend No 
system is perfect, and even a brand new one may be significantly improved 
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One of the functions of foltow-up, therefore, is to isolate the causes of 
system malfunctions This is a surprisingly difficult task Information systems 
involve complex interactions among men, computer programs, and equipment 
Operating personnel will (at least, initially) blame the equipment or the 
computer programs for what are really human failures, or they will report as 
“errors” and “malfunctions” results which, on close examination, will turn out 
to be the originally stated requirements and design specifications Experience has 
shown that operating personnel, gradually (as they become more familiar with 
the system), begin to observe that system malfunctions may be a result of their 
own mistakes Tracking down the causes of system malfunctions therefore 
requires experienced development personnel who understand the characteristics 
of the system as well as the nature of the library's operations and organization 
Some prelimmary measurements of operating costs for the new system should 
have been collected during earlier stages of the phase-over penod However, 
these measurements could have been unrealistic because the system was not yet 
operating in typical, routine farfuoo How have production costs and system 
outputs varied since installation? Unrealistically low production costs could 
indicate that some essential processing step is being omitted, on the other hand, 
production costs that drastically exceed the predicted costs mdieate a whole 
range of possible troubles A well-designed system will produce a vanety of 
management reports fot control of its own operation, and these can prove 
invaluable aids in assessing the general health of the operation dunng the 
follow-up analysis 

Of all aspects of system work, follow-up probably receives the least emphasis. 
This IS unfortunate because, without it, significant gams predicted during the 
earlier phases of analysis, design, and installation can be lost through inadequate 
attention to operational difficulties that develop only after the system has been 
in operation for a while All systems, new and old, evolve and change as 
requirements, personnel, or constraints change in time Periodically, every 
system must therefore be reviewed to ensure that it is effectively performing the 
functions for which it was designed and continues to accommodate to the 
various changes affecting its operation 


ORIENTATION AND TRAINING 


The introduction of a new system, mechanized or not, creates real problems 
for both the staff of a library and the users of it, but these problems are 
especully formidable when mechanization is involved Bruno Bettelheim once 
said that “man, who used to be haunted m his dreams by other men, is now 
haunted by the machine "* ‘ It seems to move in upon us inch by inch until we 
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no longer are able to Hex our own muscles and feel surrounded by an enemy 
For librarians, coming from a humanist tradition, these feelings are particularly 
acute Lbrarians are both overly fearful and overly hopeful about what 
automation can do Some may be overawed by the complexity of the equipment 
and afraid that they won’t be able to learn “all those new things ” Others may 
resist the introduction of equipment because of sound intuitive judgment of the 
problems they see, but they may be unable to desenbe the problems because 
they lack the knowledge to do so ' * 

Yet, the success of any new system depends almost completely on the 
cooperation and active interest of the library’s staff ’ •’ In another context (but 
just as applicable to the library), David Riesman quotes an industrial sociologist 
“Workmen in an o]l<racking plant in Oklaholma got angry because 
management had referred to them as semi-skilled They proceeded to carry out 
literally the instructions of the chemist-mstiuciions which they had previously 
treated as a good chef will treat a lecipe-soon bnnging the plant to a halt It 
turned out that they understood the idiosyncracies of the machines better than 
did the supervising staff * 

In Advanced Data Proeesmg in the Universiiy Library, Louis A Sehultheiss 
and his co-authors comment “ a more progressive attitude must be fostered 
in the thinking of librarians at all staff levels ' * It is recognized that library 
administrators will be the ones who ultimately decide whether or not changes 
will be made in the existing system, but it should not be forgotten that it is the 
line staff who will either make or break the new system and their attitude 
toward it and their ability to work with it A program of education of the staff 
members of any library making major system changes is a prime requirement ’’ 

It 1$ therefore very important for the library administration to plan and carry 
out a careful program of orientauon of the bbtary staff It must make the staff 
knowledgeable about what the equipment conung into the library will do and 
what their own part will be in the new system Only then will they be willing 
and able to participate with personal interest ui successful operation 

Fortunately, time is a great factor m adjusting to the encroachment of the 
machine Automation does not lake place from Friday night to Monday 
morning The library administrator can Jake advantage of the few years that the 
development will require to get his staff actively involved And this should not 


‘ ‘ Perhaps best exemplified in his ubde, "Joey, A 'Mechanical Boy,' ” Scienliflc 
American, ZOOfMaich 1959), 116-20 

PosUey, John A , CompureeiflnJJVopfe New Yevk MeCraw-HiU, 1960 
‘^Pratt, Allan D, "Living with Computers," Celifornie Librarian, 29 (1) (January 
1968), 57-61 

Riesman, David, /n<tiyii/ua/i!m Jieeonsidired Cbncoe, 111 Free Press, 1954 
5chulthefss, Louis, Don S Qafliertson, and Edward M Heiliger, Adtancec/ Data 
Procesting in the l/mversitv Library New York Scarecrow, 1962 
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be a voluntary involvement, left to the discretion of “interested ’ personnel, 
which Ignores the very person who most needs to be drawn into the activity. 


Orientation of Library Staff 

It IS espenally important to inform staff personnel (as soon as rumors start) 
of the plans for a change in system The deci»ion to introduce a new system ij 
made only after extensive analysis of the impact that the new equipment an 
system will have on the library’s interests By the same token, the employee ** 
just as anxious to learn what impact the new system is likely to have on Jus 
interests But an important difference exists management can independently 
obtam facts and make decisions, whereas employees are dependent o'! 
management for facts and decisions Frank and open discussions by management 
are therefore necessary to reduce rumors that ofherwije nuy give a dislorieiJ 
view of the situation 

A well-planned information policy throughout the organization has advan- 
tages even after a commitment is made to obtain equipment If the introduction 
of a new system is tactfully presented, u can generate pnde and satisfaction in the 
organization, but the program should not be oversold or potential difficultie* 
minimized The important point is the realization by management that 
employees need complete and accurate facts 

Orientation is a planned program by which the staff and users of the librsry 
are introduced to a new system The larger and more complex the computet’ 
based library system is, the mote essential it is that staff and users be provided 
with knowledge of it, both at a general level before the installation phase and 
then again at an intensive, detailed level dunng the installation phase. Experience 
has shown that hbrary personnel must have an opportunity to comprehend the 
system intellectually and as a lotahty before they work with it in an operational 
environment 

Thus, an orientation program requues intensive and careful planning 
comparable to that earned on for the other aspects of the development and 
installation The different requirements of various types of library staff and users 
for information about the system must be considered Appropriate techniques 
must be developed for the dissemination of necessary types of information The 
procedures for conducting the orientation must avoid interfenng with on-gomS 
operations 

The extent to which a formal onentation program is needed, of course, 
depends on the experience and knowledge of the library staff However, sin<^ 
most librarians are relatively uninformed about computers and programming and 
have had httle prior expenence with information-systems development, the 
content and scope of the orientation program most necessanly be detailed and 
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cover the complete range of elements * * The first step should be to acquaint the 
staff with automated data processing in general The indoctrination could begin 
with a tour of an existing computer facility, preferably one associated with a 
library A special course in data processing, with emphasis on applications within 
the library itself, could be organized Certain of the library staff should be sent 
to special traming schools operated by the equipment suppliers 

Once the library personnel are somewhat familiar with data processing, and 
realize that it is within their ability to understand and deal intelligently with this 
subject, the professional staff should be involved in planning the introduction of 
automation to their respective departments.' ’ In this manner, they will envision 
the project in terms of their own needs and will be motivated to plan and 
execute it well 

Schultheiss, Culbertson, and Heiliget continued, “The most important phase 
of staff orientation was a series of staff meetings held by the librarian with all 
the professional staff to discuss the problems and opportunities inherent in 
library automation These continued all through the study to keep the staff fully 
informed of topics under consideration by the project staff and to stimulate 
staff thinking in relation to new proposals for the project ” 

A pilot operation in progress ui the library provides a means by which the 
characteristics of the system can be even more easily studied by other operating 
personnel Furthermore, if the response of the personnel directly involved with 
the pilot operation has been favorable (and such attitudes are typical), these 
people can be counted on to sell the system to other people who will be working 
with it In some cases it may even be possible to provide some on-the-job 
trainmg m the pilot operation prior to the full implementation of the new 
system Descriptions presented on the spot whJe (outing through the library can 
help individuals to visualize the characteristics of the new system Other 
techniques can be used to maintain a high level of interest in the new system 
dunng the time just preceding the installation Appropriate posters, demonstra- 
tions of new equipment or techniques, as well as lectures and directed reading 
can stimulate continued interest in the new system 

The mstallation phase is critical since, at that time, the majonty of the library 
staff are exposed for the first lime to the system as an operaUonal entity. This is 
a period in which the basic attitudes of personnel who must operate and depend 
upon the system are solidified ** If negative attitudes are established, if the 
users do not acquire confidence in the system, if they are less than cooperative 

** Parker, Ralph, “What Every Librarian Should Know About Automation”, WiUon 
Library Bulletin, 38 (May 19«4), 741-749 

'^Covill, G W, “Librarian + System! Analyst = Teamwork? Special Libraries, SB 
(February 1967), 99 101 

* * Postley, John A , Report on a Study of BeMmoral Factors In Information Systems 
Xoi Angeles Advanced Ini ormalion Systems, Hughes Tiynanucs, 1964 
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in ensuring that the system accomplishes its goals, and if they reject the system 
out of hand and refuse to use it, the result may be a disaster from the 
users’, management’s, and the developer’s points of view. Such disasters can, and 
do, happen They can be prevented if appropriate steps are taken as part of the 
development planning to ensure the psydiolo^cal acceptance of the system by 
the users 


Orientation of Users 

The usual expenence with the introduction of a mechanized system is that 
the users of the Lbrary will be immediately affected and probably adversely so 
There are always temporary dislocations that arise in the conversion to a new 
system, as the numerous accounts in magazines and newspapers amply 
demonstrate A carefully planned program of “public relations,” by which Ihe 
users of the library are prepared for these changes, is therefore essential 

Of perhaps even greater importance is the need to make the users aware of 
the financial implications in the development of a mechanization program 
Ultimately, it will probably be the users who will pay for it, and therefore, to 
that extent they must be involved in the planning from the beginning In this 
respect, we emphasize that mechanization in libraries almost certamly will not 
result in reduced operating costs. It must be justified on the basis of improved 
service and the capaaty to handle increased work loads in the future The 
experience of several state-wide programs to inform the interested public has 
been that the public is not only willing but anxious to see programs proceed on 
that basis, but they must be infoitned about the program plans and their cost 
implications 

Training of Opeiatmg Staff 

One of the first jobs that the Assistant Librarian for Mechanized Services will 
face IS to staff his organization Members of the applications study group ar« 
obvious candidates, since their expenence is valuable for detailed planning and 
operations But feasibdity and applications study groups frequently at® 
temporary, formed from peojde with a vanety of backgrounds Some, who 
willingly served on a temporary basis m the feasibility and applications groups, 
may want to return to their basic careers in librananship or data processing 
Others may not be suited by training or temperament for a career in library 
systems analysis and data processing A person may not be appropriate for * 
continuing assignment because he is either underqualified or overqualified Then, 
too a person who finds preparatory studies interesting because of their vanety 
may not do well when work becomes routine. 

Employees within other departments of the library are another source of 
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personnel Their knowledge of operating procedures is a valuable background to 
the specialized skills that can be acquired in operating assignments In general, it 
IS desirable to seek people from within the library rather than from outside, 
since (he people already available are probably equally capable and are 
acclimated to the library 

People with specialized skills for programcmng are apt to be in short supply 
Any people trained during the systems analysis and applications projects should 
be used, if possible Despite alt the aiguments for obtaining staff within the 
organization, there is merit m having a balance of viewpoints and experience 
People already skilled in the use of speciHc equipment are a desirable 
complement to people with library experience and systems know-how They can 
speed up successful system implementation 

Adequate training is necessary, whatever the source of personnel ' * An 
equipment manufacturer's training courses and on-thejob training give a 
practical working knowledge of equipment Courses in programming and 
processor operations are offered tegubtly at customer-service locations by most 
manufacturers and, m addition, many provide resident instruction for specified 
periods Urge companies and government agencies often conduct their own 
counes in programming and operating principles at both elementary and 
advanced levels ’ ° Key petsonnel should be educated as well as trained 
University courses and professional association meetings are valuable for learning 
more than baste programming and operating principles, they also furnish 
background knowledge and permit the exchange of ideas about new equipment 
and applications 

The classroom, it should be remembered, is not a substitute for experience on 
the ]ob Analysis and programming woik should be started as soon as some 
people ate trained to develop essential experience toward getting the work done 
Formal training is most valuable when supplemented with on-the-job training 
since, in this way, advanced techniques can be absorbed and used as soon as the 
programmer is ready A schedule for tiaining and programrmng in conjunction 
with medium-scale equipment installation should include training sessions for 
programmers, management, and operators The training period should be 
interspersed with periods spent designing the proposed system, flow charting the 
programming, and correcting programs Training and programming should be 


''-’Gull, C D, ‘Personnel Requnementsfoi Automation m Libiaiies,” in John F Harvey 
(ed ), Data Processing in Public and l/niversilv Libraries Hew York Spartan, 1966 

Holzbauet, Herbert, ‘ Inhouie Automated Data Processing Training”, Special 
Libraries. 58 (July 1967) 427-428 

^'Bracken, Marilyn C, and Charles W Shilling. Survey of Practical Training in 
Information Science, Biological Sciences Communication Project, April 1967 

Goldwyn, A J , “Advanced Automatmo Its Imphcations for Library Education,” 
Library Journal 88 (July 1963), 2640-2643 
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done, if possible, at the library’s location Also, training penods should be 
scheduled for working on equipment at the manufacturer’s plant on several 
different occasions Such test penods offer concrete operating experience with 
equipment and furnish an opportunity to reexamine the quahty of programmer 
education and traimng 


Training of Conversion Staff 

The task of conversion represents such an enormous investment for the 
library and is so dependent on the quality of the work done by one-time clerical 
staff that especial care must be taken to tram the staff adequately The forms 
and procedures for copying, editing, and key-punching must be clearly laid out 
in the planning for conversion. Training procedures must be carefully planned, 
with attention to the fact that the conversion staff will continually change and 
new personnel must be trained 

Training of Library S taf f 

Finally, the day-to-day operation of a mechanized library system will require 
that the entire library staff be trained in operating procedures A procedures 
manual must be prepared as part of the programming effort Each staff member 
must be trained m the proper execution of the procedures for which he is 
responsible 


Suggested Readings, Films and Filmstrips 

Among the references «ted in this chapter, the following are especially 
valuable as basic sources of mfornution' 

Gregory, Robert H . and R L \mHam, Automatic Data-Proctssing Systemi 

Principles and Procedures Belmont, California Wadsworth, 1963 
?o%tiey,tohn.CompusersandPeople New York McGraw-HiU, 1960 

This book 1 $ a highly readable review of the use of computers in business 
which emphasizes the impact on the day-to-day activities of ordmaiy people as 
well as on people who are closely associated with the computers 


Schultheiss. Louis A , Don S Culbertson, and Edward M Heiliger, Advanced 
Data Processing In the Unirentty library New York Scarecrow, 1962 
This book was the first formal description of the steps required to develop a 
mechanized bbrary system It is therefore of histoncal interest as well as being of 
value in itself 
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There are some films and filmstnps aTailabte which could be especially useful 
as part of a library’s onentation and ttaiAing program 
FILMS 

Information Retrieval 18 Minutes Color IBM, loaned free 

Shows a theoretical large company solving communication problems by 
adopting modern information retrieval procedures, using conventional 
I B M data processing systems Deals with K W [ C indexing, research 
project retrieval, S D I , document retrieval, skill indexing 
Methods Analysis 9 Minutes Black and white University of Colorado, S3 25 

Methods analysis is used to reduce production costs by increasing 
administration Shows a job analyst preparing a job specification that lists 
the skills and abilities required for the job, and analyzes several methods 
of job rating The work of lime study engineers is described 
More Than Words 13 Minutes Color Purdue, $ 4 65 

Discusses the objectives of communication, choice of communications 
methods, barriers to communication, and methods of circumventing 
communications bameis of various kinds Outlines factors to consider in 
determining the method of communication Points out the use of 
feedback in modifying communications to maximize understanding 
Motion Study on the Job 25 Minutes Black and white State University of 
Iowa, S4 

Desirability of maintaining orderly progression of events in work method 
improvement project Analysis of the job, synthesis of possible improve- 
ments, selection and utilization of best possible improvements Before and 
after versions of twelve jobs 

Overcoming Resistance to Change 30 Minutes Black and white Penn State, 

S6 75 

Through dealing with emotional factors which breed resistance to change, 
supervisors can prevent or overcome the normal tendency of their people 
to oppose new ideas and procedures and help to avoid serious drops in 
efficiency and morale 

The Scientific Method 12 Minutes Black and white University of Colorado, 
$4 50 

Demonstrates the method of problem solving as applied by scientists and 
stresses the value of scientific thinking in dealing with problems of 
everyday life 

What isEDP ^ 13 Minutes Color I B M , loaned free 

Discussion of basic principles of clectiomc data processing, provisions for 
input, storage, processing, output of data, deals with punched cards, 
paper, magnetic tape, magnetic ink, magnetic drum, disk, tape storage 
Work Simplification in the Office 25 Minutes Black and white 

Explams the five tools used in work siinplification work distnbution 
chart, flow processes chart, work count, motion economy ai,alyses, layout 
studies Illustrates specific examples of woik simpbfication ideas that have 
been put into effect in various offices 
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SLIDES AND SOUND FILMSTRIPS 

Automation in Today's Modem Office 35 mm filmstnpp and script Color 
Fnden, loaned free 

Shows the evolution of office aotomation in clear non-technical terms and 
illustrates modern equipment The development of record keepmg m a 
representative mdustry is traced from 18S0 to the present 
The Magic Window Principles of Punched Card Accounting 35 mm filmstrip 
with tape. Color 16 minutes l.B M , loaned free 

Pnnciples of punched card accounting Explaines the punched hole m the 
unit record, recording, venfymg, classifying, reporting Photographs of 
unit record equipment are used 

Systems Analysis 35 mm sound-filnistnp. Black and white Standard Register, 
Denver Office, loaned free 
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Chapter 9 

MACHINE LANGUAGE FOR DATA 


Data processing systems (manual or mechanized) deal with recorded data This 
implies a process of coding and, for machine systems, a machine language 
However, it should also be recognized that codes are essential in any system, we 
are just so familiar with the codes we use every day, in the form of words and 
numbers, that we usually don’t regard them as such Since the essential unity of 
data processing operations (no matter how they may be performed) is the theme 
of this book, we approach the representation of data as a basic problem of 
coding 

These codes must be organized into “data structures” so that they can be 
processed The structures ate defined in terms of “fields" (for individual 
elements of data), “segments” (or groups of fields), “records” (or groups of 
segments), and "files ” 


CODING OF DATA 

Codes involve two fundamental concepts symbol and position Examples of 
sets of symbols are easy to find, and we shall use several examples to illustrate the 
principles of coding the alphabetic characters from which we form our 
words, the decimal digits from which we form our numbers, the two together, 
called the alpha numeric characters, and the binary digits, used by virtually every 
mechanized system 

[To digress for a moment, there is one question raised by the preceding 
statement that should be answered Why do machine systems use binary codes’ 
The aawies w, seliUvely v.cnple (if we vrevl the cwataiA <aC wwits of 

219 
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“simplicity”) Binary codes are more reliable because the machinery need 
recognize only 2 stales (corresponding, as we shall discuss, to the two binary 
digits, or symbols) rather than I0or20,oT30 This means, for example, that the 
punched<ard reader needs only to detect whctiiei or not a hole has been 
punched, rather than how large the hole is As a result, slight displacements in 
the position of a hole will not result in enors.) 

The concept of position, although equally fundamental, is not nearly as 
obvious because we tend to notice the symbols, while the position m which they 
occur IS usually only impbcit. But it is evident that, as codes, the only difference 
between “dog” and “god” is the position in which the alphabetic characters 
occur There are a number of means by which we define position our 
convention of readmg from left to nghl defines positions of letters m words m 
terms of the spaces that separate words, position m numbers is defined in terms 
of the deamal point and the “radix notation” that we shall define later, in 
telegraphy, sequence in tune defines position, on punched cards, rows and 
columns define positions, and so on The significant point is that meaning, or 
interpretaton, of a symbol is detenmned by the combination of symbol and 
position 

In library operation, there are traditional code systems that are familiar 
Dewey class numbers. IX class codes, and Cutter numbers There are other code 
systems, also traditional, that may not be as obvious accession numbers and 
subject headings, for example. These all represent convenient examples that we 
shall use to illustrate the principle of coding 

The basic issue in codmg is the relationship between the number of possible 
codes, the number of symbols, and the number of positions m which the 
symbols can occur This relationship is simple 

C=5’. 

where C is the number of possible codes, S is the number of symbols, and n is 
the number of positions For example, the number of possible codes pven by 
three decimal digits is obviouiiy C= 10* = 1000 (from 000 to 999) The number 
of possible two-letter words is C = 26* = 676 The number of possible six-bit 
codes is C = 2* =64 And so on. 

Now It must be recognized that this desenbes the number of possible codes, 
not the number of codes actually u«d in a given situation. For example, there 
are 26 possible one-letter words, but we actu^y tecogniK only three of them 
(-4. 1, and possibly O) as valid words The excess ofpossible codes over actually 
used ones is called redundancy On the one hand, this represents a loss of 
efficiency, since the invalid codes arc implicitly in the system whether used or 
not, but, on the other hand, it aids as at ivcs/gmatg and even cofrecting errors 
For example, the redundancy of printed En^ish text is notorious, and yet 
allows us to read material filled with inispnnts and even to fill in iiussing letters 
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and words The redundancy of spoken English allows us to communicate reliably 
m extremely noisy environments 

A particular code system, then, involves the assignment of codes, based on 
symbols from a speciHed set of symbols occurring at positions in a defined set of 
positions, to the items being coded The assignment is given by a "code book,” 
which allows for the transformation from item to code and vice versa, it may 
also indicate what should be done with invalid, unused or forbidden codes. For 
example, a portion of a three^place Cutter table is shown in Figure 9 1.‘ 

Hgute 9.1 Sample of Qitter table 


Beat 38 Charles 

Beau 381 Chatli 

Beauf 382 Charm 

Beauj 383 Chato 

Beauri 384 Charpy 

Beaui 38S Oian 

Beaux 386 Chas 

Beeh 387 Chart 

Beck 388 Chast 

Beckm 389 Chaste 


A familiar example of a code book is a telephone directory, which assigns 
codes (m the form of seven position decimal codes for telephone numbers) to 
names and addresses (Figure 9 2) 

Figun92 Sample of Telephone Duectory 


BeckeiJohn 1938SArgyl 589-4673 

BeckeiJohnD 36IRositaLnPas 756-1786 

Becker John R SOONSiemBomta 538-1235 

Becker Jos lI74NSb3dowlwnAv 663-5796 

Becker Joxph 340MeadowVaUerTer 668-5967 
Becker Karl 725EchoPfcTer 5344325 

BeckerKiy 5906Piedmt 465-7789 

Becker Keith G 96SStoiudgOt 343 5647 


It IS clear then that a variety of code systems can be used and that the choice 
of a particular code system must be based on some useful cnteria These include 
the following guidelines 

1 Reliability. We have already commented on this reason for the choice of 

* Cutter, Charles Ammi. Three-Figure AuthorTable, (Chicopee Falls, Mass ) Distributed 
by the H R HunttuigCo (no date) 
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binary symbols and on the value of redundancy, represented by an excessive 
number of positions, in detecting and correcting errors 

2. Efficiency In certam respects, this is in opposition to the interests of 
reliability, since effiaent codes will usually minimize the number of symbols and 
positions 

3 Ease of Use When commumcabon (particularly with human beings) is a 
significant aspect of operation, it is important to employ code systems that are 
convenient to use, that are fainibai. that are mnemonic, and that convey 
“meanmg” m some sense. For example, we arc familiar with decimal digits and 
alphabetic characters 

4 Special properties Some code systems are deagned to simplify certain 
machine operations or to fit the characicnstics of particular problems For 
example, the so<al]ed “excess-three” binary code simplifies the mechaiuzation 
of certain arithmetic operations on decimal numbers, the so-called “gray” code 
involves a change of only one bit position as transition is made from one decimal 
digit to the next. 

5 Statistical considerations. These actually are the basis for all of coding 
theory, including the other factors hsfed above. All of communication theory 
(also known as information theory) is essentially concerned with the relationship 
between the statistical properties of the items being coded and the optimum 
choice of codes ’ 

Binary Codes 

For the reasons bnefly indicated above, and others as well, bmary coding is 
the basis for most representations of data in machinery It is an almost tnvially 
simple concept, using only two symbols These are usually represented as “0” 
and “1” and are called “zero” and “one,” but care should be taken not to 
confuse them with the decimal digits that look the same and are called the same 
(In a sense it is unfortunate-at least, in terms of the process of education-that 
the Lmited number of simple shapes forces us to use the same shape for different 
purposes Thus we wnte ”10.” and the question is What does it mean'* In the 
decimal system, it is ten, in the binaiy system it is two, despite the mistake that 
many teachers of the "new math” nuke when they call it ten. The apparent 
similanty in shape confuses the real difTerence m meanmg ) 

However, although we may represent these two symbols by 1 and 0, the 
forms that they take are quite varied the appearance of a punch at a given 
position on a punched card, or the lack of it, a notch on the edge of a card, or a 
hole at the same position; a magnetic polarization of one direction or another, 
the flow of electricity m one duection or another, the two states of a bi-$table 

*^ei\.fn\iSl^,lntToductu>nlolitfarmtittonThtory New York McCisw-HOl. I96t 
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device called a flip flop-each is a nieans of representing the two symbols that we 
record on paper as 1 and 0 

Earlier we stated the formula relating the number of possible codes with the 
number of symbols and number of positions 

C«S' 

For binary coding, we are therefore concerned with the powers of 2 ^ 

2®* 1 2’= 32 2*® = 1024 

2‘ = 2 2‘ = 64 2*® =one million 

2* = 4 2’ = 128 2*® = one billion 

2*= 8 2* =256 2^® = one trillion 

2* =16 2’=S12 2*® = one quadrillion 

The Significance for code systems is best illustrated in terms of the familiar 
examples of decimal digits, alphabetic characters, and alpha-numenc characters 
Consider, therefore, the decimal digits there are ten of them (0, 1,2, 3,4, 5, 6, 
8, 9) and, according to the formula, we must have at least four positions, 
called bit positions, in order to have enough codes (since 2* ■ 8 and 2* = 1 6) As 
we have indicated, the choice of a particular code system is subject to many 
criteria, but some classical codes are shown in Figure 9 3 The first, as we shaU 
show, has the value of being consistent with “binary arithmetic '* It is the 
simplest, and is the one that we shall use m all future illustrations It is 
abbreviated “BCD” The second has certain advantages m mecharuaatiem of 


Fi|ure93 Standardcodesfor decimal digit] 



e num to and tables concerning the behavior of powers of two is great and 

10 ica es She earhest cnrilisations of then rapid growth, despite the 

apparen ^ . ® opeistwn of doubling up See, especially, Edward Kasner and 

James Newman, AMrnemflfiei and rA» r._ ^ .. . .n,. 

pp 165-173 “ "r* arn^gwofton New York Sunon and Schuster, 1943, 
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decimal arithmetic operations The third has the property that m going from one 
decimal digit to the next, only a single bit position changes its value, it is of use 
m devices which sense the position of rotary equipment. The fourth is simply an 
extension of BCD to be consistent with a typical alpha-numenc code system, 
smce it uses six bits where four would otherwise be sufilcient, it is not as 
efficient as BCD alone. 

Codes for alphabetic characters are used in any system that involves the 
handhng of names, words, and textual material, including punched-tape 
typewnters, teletype, punched card billing systems, and computers Since there 
are 26 alphabetic characters, not counting punctuabon marks and the “space,” 
alphabetic codes must mvolve al least five bit positions Some classical code 
systems ate included m Figure 94. The fint would be used by a “decimal” 
computer, designed to handle only decimal codes, m order to represent an 
alphabetic character, therefore, we would need to estabhsh a decimal representa- 
tion for it, the example chooses the number of the letter m the alphabet (from 1 
to 26) The second code system is a fairly typical five-channel punched tape 
code Notice that since there are only 26 letten, five bit-positions arc sufficient 
Also notice that there is little “logic” in the assessment of codes, so that a 
conversion table is essential. The third is the code used in the Remjngton*Rand 
punched-card system which we shall discuss in detail later. The last is an 
alpha-numeric code, which is consutent with that used for decimal digits 

Codes for alpha-numenc characters are usually defined (as we have indicated 
above) m such a way as to be consistent with the codes for both decimal digits 
and alphabetic characters taken by themselves Smce the two together involve at 
least 36 characters, any alpha-numencal code must have at least 6 bit-posibons 
Examples are given in Figure 9 S. The first is designed in terms of the needs in 
teletype communicabon. The second is designed to produce an arrangement of 
combmed alphabetic and numerical information into sorted order which would 


Figuie9.4 Standard codes for alphabetic characters 



BCD Coded 

Ftve-ChannelTeklype 

Remington Rand P/C 

Alpha Numenc 

A 

0000 0001 

00011 1 

010101 

010001 

B 

0000 0010 

11001 


010010 

C 

0000 0011 

OHIO 1 

100010 

010011 

L 

0001 0010 

10010 ' 


100011 

M ' 

0001 0011 

11100 


100100 

N 

0001 0100 

01100 

100101 

100101 

X 

0010 0100 

11101 


110111 

Y 

0010 0101 

loioi 


111000 

Z 

0010 0110 

lOOOI 

000111 

niool 
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Figure 9-5 Standard codea for atpha-numeric characten 



Six -Channel Teletype 

Standard Alpha Numenc 

IBM Punched Card 

0 

010000 

000000 

0010000000000 

1 

000001 

000001 

OOOIOOOOOOOOO 

2 

OOOOlO 

ooooia 

0000100000000 

7 

000111 

OOOltl 

0000000000100 

8 

OOOlOO 

001000 

OOOOOOOOOOOIO 

9 

OOIQQI 

001001 

0000000000001 

A 

IlOQQl 

OlOOOl 

looiooooooooo 

B 

110010 

OlOOOl 

1000100000000 

L 

lOOOll 

100011 

OlOOOlOOOOOOO 

M 

100100 

100100 

0100001000000 

Y 

OlIOOO 

111000 

0010000000010 

Z 

onool 

moot 

0010000000001 


always place numencal data first, based solely on simple binary compansons 
The third is the standard punched<ard code Ihe /int three bits deilne the 
“wne,” and the othen define the “field” for the alphabet 

There are so many different code systems that problems of intercommunica- 
tion among systems have become almost insuperable This has led to the 
definition of two “standards” the USA Standard Code for Information 
Interchange (ASCII) and the Extended Binary Coded Decimal Interchange Code 
(EBCDIC), the first of which u a seven-bit code (plus parity) * The complete 
code system for each is shown in Figure 9 6 EBCDIC is the pnnapal code 
system used by IBM 360 computer systems, codes for individual characters are 
addressed as "bytes ” 

Incidentally, there are methods by which a five bit-code can be used, in 
effect, to represent more than 32 things An example is a standard 5-channel 
teletype code in which certain codes represent either a number or a letter, the 
meaning in any particular case being determined by whether a "shift” code (or a 
“numbers” code or “letters” code) has been previously recorded Actually, of 
coune, this is a method that really uses ten bits to represent a character, but it is 
efficient if there tends to be a laige sequence of characters of the same kind, 
since then the “shift” character is applied to each of them This technique is 
frequently used whenever "multi-font” diaracter systems are required * 

* VS A Standard Code for Information /nfereAcngetANSI Standard X3 4-1967) New 
Yoik,USA Standards Institute, 1967 

^ Buckland, Lawrence F , The Recording of Library of Congress Sibhographic Data in 
Machme Form Maynard. Mass InfoionscS, Fetwuary I96S 
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Figure 9 6 Slandard ASCII and EBCDIC codes 



ASCII 

EBCDIC 


ASCII 

EBCDIC 

ASCII EBCDIC 

0 

011.0000 

1111,0000 


100,1010 

1101,0001 

NULlI 0000000 loooo.oooo 

I 

011,0001 

lilt, 0001 

I 

100.1011 

1101.0010 

1 1 

2 

011,0010 

1111,0010 

K 

100.1011 

1101,0010 

And other special 
characters and 

3 

OU.OOll 

1111.0011 

L 

100.1100 

1101,0011 


011.0100 

1111,0100 

M 

100.1101 

llOl^llOO 

5 

011.0101 

1111,0101 

N 

100.1 no 

1101.0101 


6 

011,0110 

1111.0110 

0 

100,1 ni 

^ 1101,0110 


7 

011,0111 

im.oiii 

p 

101,0000 

1101,0111 


8 

OU.IOOO 

1111,1000 

Q 

lOl.OOOl 

1101,1000 


9 

011,1001 ' 

1111,1001 

R 

101.0010 

1101.1001 


B 

100.0001 

100,0010 

1100,0001 

1100,0010 

s 

101,0011 

1110,0010 


C 

100,0011 

1100.0011 

T 

101,0100 

1110,0011 


D 

100.0100 

1100,0100 

u 

101,0101 

1 110,0100 


E 

IQO.OIOI 

1100,0101 

V 

101,0110 

IIIO.OIOl 


F 

100, ono 

iioo.otio 

w 

iol.oiii 

iiio.ono 


G 

100,0111 

1100.0111 

X 

101,1000 

1110.0111 


(I 

100,1000 

UOO.IOOO 

Y 

101,1001 

1110.1000 


I 

100,1001 

1100.1001 

z 

101,1010 

1110,1001 



In subsequent chapters, when we discuss methods of input, output, and data 
storage, we shall present the full code systems for each medium 


Binary Arithmetic 

Returning to the codes for deama] digits, we mentioned that BCD is the 
simplest, and it is interesting to explore exactly why it is The basis of BCD i5 
“binary anthmetic,” which utilizes the simplest addition and multipbcation 
tables possible (Figure 9 7) 

Figure 9 7 Binary anthmetic tablet 

ii “ I ' n i” 


01 and 010 0 


1 I 1 10 1 I 0 1 


Thus, if the number zero u represented by the bmary digit 0 and the number 
one IS represented by the binary digit I, according to binary antfimetic, the 
number two should be presented by 10 This is contmued in Figure 9 8 
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Figure 9 3 Example of bnury addition 


0 represented by 0 

1 represented by t 

2 represented by 1 + 1 = 10 

3 represented by 10 + 1 - 11 

4 represented by 11 + 1 • e 


The principle of “carrying” applies m binary arithmetic just as it does in 
decimal arithmetic (Figure 9 9) 

Figure 9 9 Buuiycany 

Carry = 11 
11 
♦ I 
100 


The result js that any number can be represented in binary form, and bmaiy 
forms can be denved by the successive addition of 1 according to the rules for 
binary arithmetic The BCD codes for the deamal digits are exactly the bmaiy 
codes that would result from this process 

If We were to derive the binary codes for larger numbers by such a 
cumbersome process of counting, they would have little value However, there is 
a concept, which binary codes derived in this fashion embody, called “radix 
notation ” It is famibar to us in our use of decimal numbers 
176*1 X 10* +7x 10’ +6x1 

Therefore, lo convert a number from binary form to decimal form, we simply 
mterpret it according to the radix notation, with radix 2 Conversely, to convert 
from decimal to binary, we nmply divide the decimal number successively 
by two and use the successive remainders as the bmary digits (Figure 9.10 
illustrates denvation of 101 10000 as the binary number for 176) 

Because of the simplicity of binary anthmetic, it is the most convenient for 
computers to use Early m the history of computen, when they were used 
pnmanly for computation, binary anthmetic was therefore the mode of 
operation However, most people are imfanuliar with binary arithmetic and are 
unwilling to accept data coded in this form As a result, those early computers 
were forced to convsTt decimal data into Knary form at input and nee versa at 
output, so as to allow easy communication of data and results This was 
acceptable as long as the amount of data was small But as the computer began 
to be applied to so-called “business data processing” problems and, more 
recently, to "information handling prabtems,” the amount of conversion became 
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Figure 9 10 Binaty Codes 


2im 

2/88 


0 

2/44 

+ 

0 

2122 

♦ 

0 

2/11 

+ 

0 

2^ 

+ 

1 

2/2 

-*• 

1 

2/i 

+ 

0 

0 


1 


too great Therefore, most computers are now either decimal machines or 
alpha-numeric ones and perform arithmetic operations just as we do This means, 
however, that all data are represented internally as binary coded decimal 
numbers or binaty coded alpha-numeric characters. 

(The reason that the excess-3 code has had some appeal for the engineer is that 
the binary addition automatically creates a dectmal “carry” 

7 1010 

+ 6 1001 

IPOII 

which simplifies some of the anthmetic circuitry.) 

Complex Codes 

Codes are more than merely ways of representing numbers and letters By 
direct coding with bmary itumbcn or by the intermediary of coding with letters 
and numbers (which are themselves coded in bmary form), extremely complex 
concepts can be stored and processed To illustrate this, let us consider several 
separate coding systems, with dinerent roles and apphcations 

Consider names, for example The fazmliaT code for names is the simple 
alphabetic spelling, but there are a variety of others, some of which are familiar, 
some obscure, and some quite remote * See Figure 9 11. The first column, the 
Cutlet numbers, provide a more of Jess alphabetical anangement They are based 
on the statistical distribution of names, in such a way that each number is 
assigned to approximately the same number of names To determine the specific 
code for a given name, a code book must be used The second column is based 
on an attempt to code names that sound the ume with the same code number 

*Boun>e .Hclhodioflnformattontlmillinf New York Wiley. 1963 
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Figure 9 11 Complex codes for names 


Alphabetic Names 

Cutter 

Numben 

Soundex 

Codes 

Abbreviations 

tUyden, Richard | 

H4IS 

II 3S0 

HDNR 

lUyes. Arnold 

II4I7 1 

H200 

HSRN 

Hayes, Robert 

H4>8 ! 

H 200 

ilSRB 

Hayler, 

Il42t 

11460 

HLR 

Hays, 

H42S 

11200 

HS 

Backer, 

: BI24 

B 260 

BCK 

Baker, Joseph 

B 167 

B260 

8KR 

Baker, Maiim 

B I6& 

8 260 

BKR 

Becker, Joseph 

B39d 

B260 

BCK 

Becker. Martin 

B39S 

fi260 

BCK 


The rules are simple and can be applied without the use of a code book They 
involve coding the letters in the names as follows 

1 The initial symbol is the initial of the name 

2 Double tetters, or pairs oflettets with similar sounds as described below, 
are treated as single letters 

3 A-E I O U-W'H-Y areignoredwhen they occur within the name 

4 Letters with similar sounds are coded with the same code number 


BFPV 1 

CGJKQSXZ 2 
DT 3 

L 4 

MN 5 

R 6 


S If there are less than three such letters m the name, zeros are added 
to produce a three digit code after the initial letter If there are more than three, 
only the first three are used 

The Soundex Code is valuable because it bnngs together names that sound 
alike and that might have been misunderstood or misspelled In this way, search 
IS simplified when communication might be a problem 

Abbreviations, such as those in column three, are valuable as a means for 
providmg more or less unique codes for names, which are easily determined from 
the name itself and which occupy a small number of symbol positions 

In addition to these fairly standard codes for names, special codes are 
sometimes developed, usually for unsoi^usticated punched-card systems, to 
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facilitate the alphabetical sorting of name and subject headings ’ The need for 
such codes arises (1) because names arc relatively long and vary in length, which 
complicates the problem of sorting column by column as is done with the 
punched-card sorter, and (2) because the alphabetical arrangement of names, 
subject headings, titles, and other forms of text does not necessarily follow the 
mechanical rules of sorting followed by tiie machme (for example, we usually 
ignore the articles, “the,” “a,” and “an,” when they start a title, foreign names 
frequently should be sorted on other than the beginning lettere, spaces and 
punctuation marks often should be ignored, but the machinery cannot do so) 

For these reasons, code systems are developed that assign a sequence number 
to the names in the numerical order conesponduig to the desired alphabetical 
order Of course, if it is anticipated that additional names will be added, space 
must he provided in the numbering system to accommodate them 

These code systems are rebtively effective and easy to use, provided that the 
set of Items being coded is stable But as the rate of addition or change goes up, 
the difficulties in mauitaining the code lists rapidly increases, and the process 
becomes so cumbersome that other solutions roust be found Vfiten we consider 
vanous forms of catalogs (in Chapter 17), the alternative approaches will be 
discussed 


DATA STRUCTURE 

In order to be processed by a computer, codes must be stored in such a way 
that their meaning can be determined Ibis impbes the prior definition of a set 
of "data sfructuies" or "data formats ” 

Levels of Data Structure 

The basic building blocks for a data structure are "fields." A field is a 
location in which an element of data, of a given kind, is stored Thus, a data 
structure for cataloging data related to books would usually include an “author 
field,” a “title field,” an “impnnt field,” and a “subject-heading field ’’ 

The set of fields related to a angle thing of interest (for instance, a single 
book) would be organized mto a "record format ” A simpbfied format for a 
catalog record is shown in Figure 9 12* 


’ MicQuime, Calhenne,»nd Beryl L Uartio, "Book Catalog of the Los Angeles County 
Public Library How it is being made." library ResourteS end Technical Services. 4 (3), 
Summer 1960,208-27 

* Cline, Catherine, "Procedures for Developing Timberland’s Book Catalog”, pacific 
NonhwesHtbnry Association QuarMy, la Qmary 1964), 128-132, 136 
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Tigure 9.13 PuiKbed.caid catalog recotil 


Card 1 Author Card 

Column 1 

Card type (Type D 

2 

Number within type (for multiple authors) 

3-12 

on cnimber 

13-56 

Author's name 

57-64 

Author sort code 

65-72 

Title SMl code 

73-80 

Subject sort code 

Card 2 Title Card 

Column ) 

Card type (Type 2) 

3 

Number within type (for long titles) 

3-12 

Call number 

13-56 

Title 

37-64 

Author sort code 

65-72 

Title sort code 

73-80 

Subject sort code 

Card 3 Imprint Card 

Column 1 

Caid type (Type 3) 

2 

Number nithin type (for annotations) 

3-12 

Call number 

13-56 

tmpnnt and annotations 

J7-54 

Author sort code 

65-72 

Title soft code 

73 80 

Subject sort code 

Card 4 Subject Card 

Column 1 

Card type aype 4) 

2 

Number within type (for multiple subjects) 

3-12 

Call number 

13-56 

Subject 

57-64 

Author sort code 

65-72 

Tilk sort code 

73 80 

Subject sort code 


Frequently, rt is useful to introduce a level of structure (called the 
“segment’*), intermediate between the Geld and the record A segment is simply 
a collection of fields that play a separately deGnable role withm a record The 
need for segments can be illustrated with respect to the catalog record by 
considenng the “publisher field,” “aty of pubhcation field,” and “date of 
publication field ” Together, they constitute the “imprint” for the book Since 
It may frequently be desirable to treat them as a whole, it is useful to define an 
“imprint segment ” The value of segnieots is that it allows the descnption of a 
record format to be highly generahtcd and yet easily handled m a specific 
situation With use of segments, record fonnats are defined as follows 
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1 Fields may be grouped into segments (some of which may consist of 
only a single field) 

2 Segments may be grouped into larger segments 

3 Segments are grouped into records 

Fmally, although the individual record represents the logical unit m a data 
structure, records arc then sequenced in one order or another and constitute 
“files ” The sequence for a given file is an especially important consideration in 
defining a data structure 

Variety of Formats 

It is useful to categorize formats into two types— fixed formats and variable 
formats— and then, for each type, to categorize the fields within the format again 
into two types fixed fields and vanabte fields 

Faed format, fixed field records ate the simplest and the ones with which the 
data processing field has the most experience They are therefore likely to be 
equally appbcable to library operations of a relatively simple, clerical nature 
(administrative record keeping and circulation control, for example) They 
best exemplified by the typical punched<ard circulation record shown m Figure 
9>13 As shown, a fixed number of characters (columns of the card) has been set 
aside for each of a fixed number of items of data The result is that “call 
number,” for example, will alv/ays occur in exacOy the same position in each 
record The processing is thus simple, because the computer program has one 
(and only one) place to go in the record for the desired data 

Fixed format, variable field records are a Lttle more complex The use of 
magnetic tape, in contrast to punched cards, has made it feasible to use such 


FiguK9.l3 Punchtd-cantcocQUtKmnccnd 


Column 

FieU Drscnptton 

1-3 

Day of the year 

4 S 

Hour of Uie day 

6 

0 « AM. 1 = PM 

7 

Tnnmitting ttation 


Trnisactioa code for book card 

9 

Blanch hbtaiy code 


Type of book loan code 

11-34 

on number 

3S-64 

Short author and btJe 

dS-75 


76 

TransnisaoD check character 
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fotmats whcie they ate appiopnate For example, authon’ names, titles. text, and 
similar elements of data tend to be of widely varying lengths The fixed field 
structure acts as a bed of Procrustes, requinng names that are too long to be cut 
off and names that arc too short to be lengthened to fit the preassigned space 
The use of variable fields, on the other hand, allows the format to fit the actual 
data Such formats ate therefore Ukely to be useful m relatively simple catalog 
production systems They are somewhat more difficult to process than fixed 
field formats, since the beginning and end of a field may vaiy from one record 
to the next An "end of field symbol” must be used to demarcate one field from 
the next, and the computer examines each character to find out where fields 
end 

Variable formats, whether fixed field or vanable field, are the most complex 
They are needed when data elements (and, therefore, the corresponding field) 
may or may not be present m a given record or, in general, when a given data 
element may appear a variable number of times (from zero on up) For example, 
books or journal articles have different numbers of authors, and the “author 
field” can therefore occur a comparably vanable number of times The same is 
true for subject headings, desenptora, and index terms. In such cases, not only 
must the beginning and end of each field be identified but the kind of field as 
well This means that the record must contain "field identifiers," which the 
computer examines in order to know whether a given field occurs and, if so, 
where This highly generalized and flexible data sttueture is the one used in the 
MARC II format (Figure 9 14) * As the figure illustrates, such formats are 
needed to handle the full scale of cataloging data used m reference retrieval 
systems 

Because of the great vanety of possible formats, it is necessary for the 
computer program to know what the format is in order to handle the records 
with which It is presented Most business data processing records are fixed 
format, fixed field (perhaps because of the important historical role of punched 
card equipment) In such cases, the format is integrally embodied in the 
processing programs which, in fact, are wntten around the formats that they 
process 

On the other hand, the formats used m libranes are so vanable that another 
approach must be used Modem “generalized file management programs" are 
designed to handle all possible formats, within wry broad limits They depend 
on “file defimtion tables,” which desenbe the format of a particular record or 
set of records to be processed This land of approach is therefore especially 
applicable to library data processus 


’ Avram.Hennette.et a\, The MARCtI Format Waihington, D C Library of Congress, 
196a 



Figure 9 14 MARC 11 format 


SUMMARY OUTLINE 

Reconi Leader 

Name of Leader 

Data Element 

Nomber of 
Characters 

Character Position 
in Record 

Record Length 

Record Status 

Legend 

(a) Legend Control 

(b) Type of Record 

(c) Bibliographic Level 

Indicator Count 

Record Direelory 

Name of Record Directory 

Data Element 

S 

1 

1 

3 

1 

Number of 
Characters 

1- 5 

6 

7 

8 

9-11 

12 

Character Position 
m Direelory 

Tag 

3 

1- 3 

Field Length 

4 

4- 7 

Starting Character Position 

5 


Variable Control f/umber 

Name ofFixed Length 

Humber of 

Character Position 

DaU Element 

Characters 

in Field 

Library oLCongtess Card Suiobee 

Library of Congress Card Number 

ti 

Ml 

Check Digit 

1 

12 

Supplement Number 

1 

13 

SufTu 

lor mo 

m 14-n 

Venable Fixed Fields 

Name of Fued Length 

Number of 

Character Position 

Data Elements 

Characters 

In Field 

Number of Entries in Record Directoiy 

3 

1-3 

Date Entered on File 

6 

4-9 

Type of Publication Date Code 

I 

10 

Date 1 

4 

11-14 

Date 2 

4 

15-18 

Country of Publication Code 

3 

19-21 

Illustration Codes 

4 

22-25 

Intellectual Level Code 

1 

26 

form of Reproduction Code 

I 

27 

form of Content Codes 

4 

28-31 

Government Pubbcation Indicator 

I 

32 

2M 
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Vanahle Fixed Fields /conimiitd) 
Conference or Meeting Indicator 
Festichnfl Indicator 
Index Indicator 

Mam Entry in Body of Entry Indicator 
Fiction Indicator 
Biography Indicator 
Language 

Farui/e Field 

Tag Variable Field Data Element 

002 Legend Extension 

003 LanguajKS 
Control Numbers 

OlO LC Card Number 

Ql 1 National Bibliography Number 

012 Standard Book Number 

013 PL 48 Number 

014 Search Code 

019 Local System Number 
Knowledge Numbers 

020 BNB Classification Number 

030 Dewey Decimal aassiricatjon 
Number 

050 LC Call Number 

031 Copy Statement 
060 NLM Call Number 

070 NAL Call Number 

071 NAL Subject Category Number 
080 UDC Number 

090 Local Call Number 
Mam Entry 
100 Personal Name 
108 Title 

110 Corpoiale Name 

111 Conference or Meeting 
118 Title 

120 Corporate Name with Form Sub 
heading 
128 Title 

130 Uniform Title Heading 
138 Title 

Suppbed Titles 
200 Uniform Title 
210 Romanized Title 
220 Translated Title 


33 

34 

35 

36 

37 

38 

39-41 


Tag Variable Field Data Element 
Title Paragraph 
240 Title 

250 Edition Statement 
Impnnt 

260 Place 

261 Ihjblishei 

262 Dated) 

300 CoUalion 

350 Bibliographic Pnee 
360 Converted Pnee 
Senes Notes 

400 Personal Name (traced the same) 

408 Title 

410 Corporate Name (traced the same) 

411 Conference (traced the tame) 

418 Title 

440 Title (traced the same) 

490 Senes Untraced or Traced Differently 
Bibliographic Notes 
500 Bibliography Note 
510 Dissertation Note 
520 Contents Note Formatted 
530 “Bound With" Note 
540 “Limited Use" Note 
550 General Notes (all others) 

560 Abstract 

Subject Added Entry 
600 Personal Name 
608 Title 

610 Corporate name 

611 Conference or Meeting 

618 Title 

620 Corporate Name with Form Sub- 
heading 
628 Title 
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Figure 9 14 (continued) 


Subject Added Entry (continued) 

Teg Venable Field Deta Element 

630 Uniform Title Heading 

638‘ Title 

6S0 Topical 

631 Geographic Names 

652 Political Jurisdiction Alone or with 
Subject Subdivisions 

653 Proper Names Not Capable of 
Authorship 

655 General Subdivisions (other than 
period and place) 

656 Period Subdivision 

657 Place Subdivision 

660 NLM Subject Headings (MESH) 

670 NAL Agncultural/Biological Vocab- 
ulary 

690 Local Subject Headmg Systems 
Other Added Entnes 

700 Personal Name 

708 Title 


Teg Venable Field Data Element 

710 Corporate Name 

711 Conference or Meeting 

718 Title 

720 Corporate Name with Form Sub- 
heading 
728 Title 

730 Uniform Title Headmg 
738' Title 

740 Title Triced Differently 
753 People Names Not Capable of 
Authorship 
Senes Added Entries 
800 Peisonil Name 
808 Title 

810 Corporate Name 

811 Conference of Meeting 

818 Title 

840 Title 

900 Block of 100 Numbers for Local Use 


'Rare but occanonally found in old cautoging 


File Derinitiori Tables 

File definition tables record descnptions of aspects of data structure related 
to files, to records (for example, the means of defining record type and length), 
and to fields (for instance, the symbols or names for the fields, their length, the 
relative location of each field in the record, the types of records m which each 
field occurs, and the Lst of possible codes m a coded field). 

To make matters more concrete, consider the example of the MEPLARS file 
An approach to desabing the MEDLARS record is shown in Figure 9 15 The 
record consists of two levels and three segments Segment 1 consists of items or 
fields that appear once Segments 2 and 3. however, may be repeated, when a 
cited article has several “tag wwds” or several authors The "COUNT” fields m 
Segment 1 tell the number of limes these repeating segments actually occur m a 
record 

All fields in this vanable record format are fixed-length fields (although 
variable fields can be handled in an efficient manner, as will be discussed later) 
The capability for repeaung segments requires that we allocate only as many 
author segments in the record as there are authors of the cited article; on the 
other hand. 20 characters are assigned to each author even though less may be 
required 
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Figure 9.14 femanued) 


Subject Added Entry (continued} 

Tog Kanc6/e Field Data Element 
630 Uniform Title Heading 
638* Tiae 
630 Topical 

651 Geographic Name* 

652 Political Jurisdiction Alone or with 
Subject Subdivisions 

653 Proper Names Not Capable of 
Authorship 

655 General Subdivisions (other than 
penod and place) 

656 Penod Subdivision 

657 Place Subdivision 

660 NLM Subject Headings (MESH) 

670 NAL Agficultuial/Biological Vocab- 
ulary 

690 Local Subject Heading Systems 
Other Added Entnet 
700 Personal Name 
708 Title 


*Rare but occtsonally found m old cataloging 


Tog Vanabte Field Data Element 

710 Corporate Name 

711 Conference or Meeting 

718 Title 

720 Corporate Name with Form Sub- 
heading 
728 Title 

730 Uniform Title Heading 
738* Title 

740 Title Traced Differently 
753 People Names Not Capable of 
Authorship 
Series Added Entries 
800 Personal Name 
808 Title 

810 Corporate Name 

81 1 Confeience or Meeting 

818 Title 

840 Title 

900 Block of 100 Numbers for Local Use 


File Definition Tables 

File denmtion tables record descriptions of aspects of data structure related 
to files, to records (for example, the means of defining record type and length), 
and to fields (for instance, the symbols or names for the fields, their length, the 
relative location of each field in the record, the types of records m which each 
field occurs, and the list of possible codes in a coded field) 

To make matters more concrete, consider the example of the MEDLARS file 
An approach to descibmg the MEDLARS record is shown in Figure 9 15 The 
record consists of two levels and three segnKnts. Segment 1 consists of items or 
fields that appear once Segments 2 and 3, however, may be repeated, when a 
cited article has several “tag words” or several authors The “COUNT” fields in 
Segment 1 tell the number of times these repeating segments actually occur in a 
record 

All fields in this variable record format are fixed-length fields (although 
variable fields can be handled in an efficient manner, as will be discussed later) 
The capability for repealing segments requires that we allocate only as many 
author segments In the record as there are authors of the cited article, on the 
other hand. 20 characters are assigned to each author even though less may be 
required 
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Usually, the tables for descnption of such formats are created by filling in a 
standard form To illustrate, assume as a starting point the file organization of 
Figure 9 15 as the format for the MEDLARS record (We do not intend to 
endorse it as “the” format for the MEDLARS record but wish merely to use it as 
an illustration) The form that needs to be filled out is shown, m part, in Figure 
9 16. 

Variable Length Fields 

In the example, fields are of fixed length. However, an approach for handling 
variable length fields (such as the title field of the MEDLARS file) is to treat 
them as collections of segments instead of allowmg 600 characters for the title, 
we allow a number of, say, 20 character segments to be assigned to it Consider a 
particular case of an article title 

VARIATION OF PRESSURE WITH CYCLE LENGTH AND DURATION 

OF SYSTOLE IN THE TWO-CHAMBERED CARDIOVASCULAR MODEL 


Figure 9 16 File definiuen table for MEDLARS file 




H 

Rglative 

Fttld 

Loeanon 


B 


■ 

Request Number 

6 Part 

■ 

■ 

1 

6 

N 

/ 


Request Number 

A Part 

1 

1 

1 ^ 

1 

A 



Form-CD 

I 

1 

S 

1 

C 











Count 

Authors 

1 

t 


2 

N 
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TAG-WORD- 

I\I 

2 

2 

1 

t 

N 












ReprcKntation (m pafO of the file desatptvm phase toi ihe file of Figure 9 15. “C, 
"N.” and “A” in the ' field type" column refei, respectively, to “coded," “numerical," and 
“alph>numencil" 
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rigure 9.17 Sr^enl approach to vanabtc-lcngth fields 


Level 

Segment 

Segment Entry 

k' 

n* 

VARIATION OF PRESSURE 

k 

n plus 1 

E WITH CYCLE LENGTH 

k 

n plus 2 

AND DURATION OF SYST 

k 

n plus 3 

OLE IN THE TWO-CHAMBERED 

k 

n plus 4 

CARDIOVASCULAR 

k 

nplusS 

MODEL 


'The tymboli k and n leptcsenC unspecified level and 
segment numbers. 


Thjs title has 105 characters tn it Thus, six 20<haracter segments would be 
required to specify the entire title (Figure 9 17) 

Each segment ij a repealing entry but not m the same sense as the “author" 
segments Thus, while we could meaningfully ask for the fifth author segment, 
to ask for the fifth segment in the collection of title segments would be to ask 
for nonsense 


Validation Criteria 

Now we have completed the essential aspecu of file definition Closely 
associated with file definition are entena for field editing or validation 
Validation criteria are usually set upforfieldeditmgorvalidationat thesame time 
files are established Generally, they relate to the issues m file definition the 
type of field (for instance, coded, alphabetic, numeric), the number of 
characters, the range of an allowable entry (for example, between age 16 and 
65) Validation may even specify that a given field must be present in the record 
or the maximum number of times it may occur Validation criteria are normally 
used as a check of input of new infoimalion 


Suggested Readings 

For readers unfamiliar with the “inodem mathematics" as now being taught 
in elementary and secondary schools, U might be useful to read elementary 
books such as the following 

Adler, living, Thinking Machines A Layman's Guide to Logic, Boolean A Igebra, 
and Computing New York Day, 1961 

Beyond this elementary level, the reader may find it valuable to read the 
following, more speciahzed books 
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Avtam, Hennette, et al , r^e Washington, D C Library of 

Congress, 1968 

This represents the culmination of the most important single Step taken by 
the library profession in development of computer systems for Lbrancs It 
provides a standard for storage and communication of cataloging data 
Beadle, George and Muriel. The itfngMjg^o/Li/e New York Doubleday, 1966 
This book provides a very readable introduction to the “genetic code,” the 
means by which “symbols” (in the form of ammo acids) in “positions” (defined 
by their sequence) are used to convey “information” by which genetic structure 
is transmitted from generation to generation It illustrates the extent to which 
coding pervades all of life as well as technology 

Kahn, David, The Codebreaken The Story of Secret Writing New York 
MacMillan. 1967. 

An encyclopedic but highly readable coverage of the field of cryptography 
and cryptanalysis It is remarkable that so complete a descnption of what had 
been among the most closely guarded secrets could have been written and 
pubbshed 

Reza, Fezlalla. Introduction to Information Theory New York McGraw-HiH. 
1961 

This IS merely one representative example of several excellent texts on 
modern “communication theory” 



Chapter 10 

PROCESSING OF DATA 


In this chapter, we shall deal with the heart of modern data processing syttems- 
the stored'program digital computer What is the computer^ How did it come to 
be^ How does it operate’’ What are its characteristics’’ We shall answer these 
questions, at least to the extent of removing some of the mystery surrounding 
the computer 


INTRODUCTION 

Perhaps the best definition of the computer was given by Ned Chapm “An 
automatic computer is a machme that manipulates symbols, in accordance with 
given rules, in a pre-determmed and self-directed manner ” ' The most significant 
word in distinguishing the computer from other, related devices (such as desk 
calculators) is “self-directed ” The computer has the ability to accept data, to 
process It, and to provide results, all without human intervention, although the 
rules by which it does this must onginally have been prepared by human beuigs 

Characteristics of the Computer 

What does Chapin’s definition imidy? Basically, the computer is charactenzed 
by five features 

1 It has a set of built-m capabilities sufficiently nch for it to perform 

' Chapm, Ned. An /niroduelion la Automahe Computers New York Van Noslrand. 
1957 
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Virtually any task that can be deftned to it, including communication with 
penpheral devices and control of them 

2 It is controlled by an intemaDy stored “program” of mstructions and 
thus can operate independent of human mvolvement 

3 Its instructions define the location of data rather than the actual data 
Itself and therefore can he executed m the same vray on any data 

4. The program can be easily modiGed, thus allowing the same computer to 
be used on many different jobs simply by changing the set of instructions that it 
will follow 

5. But perhaps most important, the uistnicUons can cause the computer to 
change its own program, thus allowing it automatically to change from one j'ob 
to the next and even to change the way it does a given job (in effect, to learn) 

These five qualitative characteristics add up to a highly flexible robot, capable 
of performing a vanety of jobs, capable of controlling its own environment, and 
capable of adjusting to that environment. People in the computer professions 
have therefore been understandably exated and sometimes view the computer m 
anthropomorphic terms 

In addition, there ate some quantitative characteristics that are certainly 
important (1 ) its speed, which allows the computer to perform literally millions 
of operations each second, and (2) its storage capacity, which provides it with 
access to rmlbons (even billions) of characters of data 

History 

The development of computen, with these capabihties, has depended on 
the corresponding development of a technology from which they could be built 
In fact, most of the characteristics of the modern-day computer (or “analytical 
engine,” as Charles Babbage called it) had been visuaLzed by Babbage in the 

1820’s 

The Analytical Engine consists of two parts 1st The store in which all 
the variables to be operated upon, as well as all those quantities which 
have ansen from the result of other operauons, are placed 2ncl The null 
mto which the quantities about to be operated upon are always 
brought 

^very formula which the Analytical Enguie can be required to compute 
consists of certain algebraical operations to be performed upon given 
letters, and of certain other modifications depending upon the numerical 
value assigned to those letters The Analytical Engine is therefore a 

’ Babbage Charles Celculctins Engutei edited by Philip and Emily Momson. New 

York Dover, 1961 

’ Bemstem. Jeremy The Afufyneal Enpne Computen Pett Present and Future. 

York Random tioux 1964 
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machine of the most general nature Whatever formula it is required to 
develop, the law of Us development must be communicated to it by two 
sets of cards When these have been placed, the engme u special for that 
particular formula Thus (he Analytical Engine will possess a library of 
Its own Every set of cards once made will at any future time reproduce 
the calculations for which it was first arranged Two great prmciples 
are embodied (m the Analytical Engine) 

1st The entire control over operations 

2nd The entire control over combinations of algebraic symbols, 
however lengthened those processes may be requu-ed 
Babbage attempted to construct mechanical devices to carry out these aims, 
but the bmitations of the technology of the time prevented him from doing so. 
He simply was not able to get parts machined to the tolerance required 

For more than 100 years, the technology steadily improved Gradually, 
equipment that could perform complex arithmetical computations under manual 
control became commonplace— the adding iiuchine, the cash register, and 
key-operated accounting machines In parallel, equipment was developed that 
could read punched cards, handle them, and use them as a source of input to 
such calculators Fmally, between 1939 and 1944, Howard Aiken at Harvard 
built the Mark I * This was a realization of the dream of Babbage It replaced the 
mechanical gears and cams of (he “analytical engine” by relays, comparable to 
those used in telephone switchmg systems 

However, the machine was still Iiiruted m many respects (1) It was slow 
because the speed of the relays, as electromechanical devices, was only about 
30 operations per second (2) Its operation was controlled by instructions stored 
in control panels, cards, and paper tapes essentially external to the machine 
Itself (3) The capacity for storage of data was limited to at most a few hundred 
digits 

World War II, however, had made very cleat the need for an maeased pace in 
the rate of data processing In aircraft design, m nuclear physics, in cryptog- 
raphy, and in ballistics, new and prodigious requirements were encountered for 
the analysis of huge masses of data Government and university laboratories were 
called on to provide answers for the limitations in machines like the Harvard 
Mark I The development of electronic circuitry, based on the “vacuum tube,” 
provided an answer to the first of its Imutations, the ideas of John von Neumann 
answered the second, and the development of magnetic recording techniques 
answered the thud 

Electronic circuitry replaced relays with “flip-flops”-combmations of 
vacuum tubes that could be controlled to store binary digits (that is, either of 
two states) just as did relays These were capable of operating m thousandths of 
a second rather than hundreths The first computer designed in this way was the 


Bernstein, Jeremy, op cil.pp 50-53 
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Eniac, built at the University of Penns^vania m 1946 by Eckert and Mauchly 
It weighed nearly 30 tons, occupied 15,000 square feet of floor spate, and 
contained over 19,000 vacuum tubes (Put that in your television set and smoke 
It!) The concept of storing the program internally was directly attributable to 
von Neumann ^ It led to the construction— by the National Bureau of Standards, 
by Pnnceton, and by Rand— of a senes of machmes based on this revolutionary 
concept ’ These machines were designed and built dunng the period from 1948 
to 1952 and were the real “first generation” of modern-day digital computers 
During the same time, techniques for recording digital data in magnetic form 
were developed. People began to use magnetic drums and tapes to supplement 
the very limited vacuum tube internal memory of these first generation 
machines As a result, the complexity oftask they could perform, the amount of 
data they could handle, and the rate at which they could process it were all 
vastly increased 

Commercial versions of these machmes began to appear, in a wide range of 
speeds and capacities-the Umvac I (of Remington Rand), the IBM 701, the 
1100 of Engineering Research Assoaaies (!ai«r to become a division of 
Remington Rand), the IBM 6S0, and so on * 

But there were practical limits to the speed, site, and capacity of machmes 
using vacuum tubes Vacuum tubes are bulky, they demand large amounts of 
power and generate comparable amounts of heat. Gradually, they began to be 
replaced by semiconductors-diodes and transistors-for the logical circuitry and 
by magnetic cores for the mternal memory By the end of the 1950’s, this 
changeover had been accomphshed, and what has been called the ‘‘second 
generation” of computers became commonplace 

The use of such “solid-state” circuit elements-diodes, transistors, and 
magnetic cotes-reduced the site, power consumption, and heat dissipation of 
computers by otden of magnitude It allowed them to have greater capaciiy- 
But, most important, it allowed them to be faster 

During the past ten years, the technology of sobd-state circuitry has 
continued to advance, primarily in the direction of rmniatunzation Components 
are now so small that they arc used not individually but only as part of complete 
logical packages, called “integrated arcuits ” Again, the effect has been to vastly 
decrease size, power consumption,and heat dissipation At the same ume, capacity 
and operating rates could be comparably mcreased The result has been a 
quantitative change so great that the computer profession thinks of today s 
computen as the “third generation ” 

SJ-57 

‘ Ibid pp 57-63 

^ IbtJ pp 63-64 

* Vreik Maiim il , Sunier of Domettte Eketome Digital Computing Stslfft BaU'SOC 
Re»ejrth Ubs. 1953. 1957 1961 
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Figure 10 1 (si Historical growth of computer capabiLtics (b) JAterasJ memory 
espaeity 

Figure 10 1 presents a graphical picture of these changes in speed and 
capacity * Everything indicates that the trends exhibited by this historical 
growth m capabilities will continue into the next decade and beyond 


Applications of the Computer 

During the 25 to 30 years covered by this sequence of generations, computers 
have been successively applied to more and more complex tasks, until today 
they are used throughout our society 

Computing Tasks Initially, of course, they were viewed as “computing” 
devices, intended for use in numerical analysis in the physical sciences ' ° For 
example, the development of atomic eneigy has depended to a great extent on 
the solution of equations that could only have been done with computers Even 
today, research in atomic physics probably requires larger and faster computers 
than any other appLcation Later, comparable applications were seen in 
engineering, the biological sciences, and medicine In engineering especially, the 
use of the computer in solution of equations and automation of design has 

* Knight, Kenneth E , “Evolving Ccunpnta Performance, 1963-1967 ” Datamation, 14 
(1), January 1968. 31-35 

Cnienberger, Fred, Computing Manual, Uarvemtjr of Wisconsin, 1953 
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become increasingly important Most recently, the social and behavioral sciences 
have begun to depend on the procesang and statistical analysis of large volumes 
of data * * Of couse, this is no surprise The Bureau of the Census histoncally 
was the place where punched-card data processing first became a reality ‘ * \\’hen 
the computer was developed, it was natural for the Census to become one of the 
earbest usenofit.‘^ 

Data Processsing Tasks. A comi^etely different kmd of “computing” is that 
involved in clerical data piocessmg. H doesn’t involve any of the mathematical 
sophistication of snentific compulation, but it docs mvolve large numbers of 
repetitive operations From the early 19S0’s it has therefore become one of the 
most important appbcations.* *’* * Many industnal and commercial companies, 
as well as government agencies Ucc the Department of Defense, have also 
experimented with the computer as an aid to management decision makmg using 
techniques of operations research * ’ 

Symbol Manipulation Tasks. To rc^d the computer solely as a calculating 
device, however, would be to lose sight of its real potential. Basically, it is a 
logical device, with anthmctic operations only a bimted part of its capabiUties 
As such, It u capable of processing any symbobc system, including natural 
language, provided that the programs can be written for it to do so “Language 
data processing” has therefore become one of the most important and exciting 
areas for research in appbcation of the computer.** In one sense, library 
operations require such capabdities-production of catalogs, automatic mdexing 
and abstractmg, reference retrieval, text collation, and preparation of con- 
cordances.* ’ Most of the intellectual ptoblems m these tasks have been so well 
solved that libraries can effectively use the computer for them. On the other 
hand, some forms of language data processing are still so speculative that some 
researchers have even claimed that they are impossible to program— language 
translation, conceptual analysis, and automatic “question-answering-”^ * 

‘ * Borko. HaioM, ed , Computer Appltcaaonj at the Behniont Smenets, Englewood 
Cliffs, NJ PrenlKc-Hall, 1962 

Dictionary of Amencan Biography, Supplement I iv HoUenth.Hermin 

iiBuTck.Cilbert,elal,7SeCompu/er/4g«.NewYoik Haiper. 1965, p.8 
I* Awad, Elus M , /turomaftr Ai>crsxi>ig Principles and Proeedufes Englewo®'^ 
Oiffs. NJ Pientice-Hall. 1966 

' * Grefory, Robert H . and R L. Van ^om,Bininta Data Processing and Programming 

Belmont, Catifoniia. Wadsworth. 1963 

Introduction to Data Processing New York Haskins and Sells, 1957 
• ’ Churchman, C W , R. U AckofT. and E L ArnofT, Introduction to Operations 
Research. New York waey. 1957 Especially pp 376^.467 ff 

'• Boiko. Harold, ed .Automated Langu^ Processing. New York Wiley, 1967. 

‘ * Becker. Joseph, and R M Hayes. Infbnrution Storage and Retrieval Tools. 
Dtements. Theories New York Wiley, 1963 

Hayes. Robert M , Review of Dale Retneral by Computer A Oitical Surrey. Kosher, 
Asa In American DocumenUUon. 18(3). July 1967. 187-189 
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Hainstic Tasks The capability of the computet to change a stored program 
raises the possibility that it can "leam" or at least modify its behavior to fit its 
environment better Applications ofthiskindure called “heuristic,” since the 
process of leammg is not well understood, and the exercise of writing effective 
"learning programs” helps the investigation of it At the simplest level, 
games such as chess, checkers, or “go” represent ideal heuristic appbcations, 
since the rules for legal play are well defined, and the results of "good play” are 
evident ^ * The aim is to devise programs by which the computer can develop its 
own rules for good play, hopefuBy well enougtr to beat the programmer Mote 
complex applications include the composition ofmusic or poetry 

Control Tasks Potentially the most controversial applications of computers 
are those called "control ” Of course, there ate non controversial, well-estab- 
lished examples-od refineries, machine fools, production luies, and ware- 
houses^* But there are also some that have raised real concern The SAGE 
system is a highly computenaed means of detecting enemy aircraft and missiles 
and relaying warnings to military command posts In principle, it would be 
relatively simple to have the warnings trigger automatic computer control of 
defensive responses-with deceptively rational reasons to do so But perhaps that 
represents too extreme an example Seemingly more innocuous is “computer- 
aided instruction,” based on the concepts of progiammed teaching through 
conditioned response as expounded by B F. Skinner ’ * Although not 

exactly “control,” the relationship between computer and student is at least a 
kind of symbiosis All the evidence indicates that this is indeed a most effective 
means of instruction for that type of malenal which requires knowledge of the 
“right” answer, but one wonders whether it is equally applicable to the real 
purposes of education Learning is more than simply conditioned response 
Fuithermote, to what is the student being conditioned’ To the matenal being 
learned, or to this process of learning’ 


Berkeley Edmund C . Cianl Brains JHacfiinet that Think, New York Wiley, 1949 
Bush, Vannevar, "As We May nimk.” >4lianlic Monthly, 176 (July 1945), 101-108 
Pfeiffer, John. The Thinking tfachmf. New Yoik Lippincott, 1962 
Samuel, A L , "Some Studiej in Macfaine Lsatnii^, Using the Came of Checkers,” 
IBMJoumatof Research and Development, 31959.210-230 

’ * Von Foerster. H , and James W Besochamp, eds . Music by Computers, New York 
Wiley, 1969 

Savas, Emanuel S , Compiler Conliolof Induitnalfrocesses New York McCraw- 
HiU, 196S (‘ Forecasts indicate that by 1970 there will be over 3,500 computer control 
systems m operation “-Preface ) 

Suppes, Patrick, and Richard C Atkinson. Stanford Program >n Computer Assisted 
instmelion. Progress Reports 6 and 7 (1967) Palo Alto, California Institute for 
4(atJietnatic&£ SAiOlies. 1967 

Skmner, B F , “Why Teachert Fail.” Saturday Review, 48 (October 16, 1965). 

60-81 
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Magnitude of Computer Usage In summary, the computer is far more than a 
mere calculating device It is finding apphcation m every part of our society and 
will play an increasingly important role in it Figure 10 2 shows the extent of 
growth of computer usage over the past 20 years ^ ’ 


COMPUTER HARDWARE 

The “hardware” of a computer system consists of the physical computer 
Itself, Its circuitry, its wirmg, and its penpheral equipment Figure 103 presents 
a typical block diagram for the configuration of equipment As shown, a 
computer system involves an “arithmetic and control umt" (frequently called 
the “mam frame”), an internal memory, and peripheral units including files, 
input-output umts, and remote devices 

The anthmetic and control unit provides the capabflity of executing any one 



** SimpUkd from diU In Ned Chapm, Inimduelion to Automatic Compuurt (Ne'*' 
York Vift Noitrind 19S7), Aulomane Data Proceamg S’tKSletter (Much 3, 
Juiuary 12. 19J9 luiuiry 11. I960. Jumaiy 23. 196l.}inu2ry 22. l962).ComputtTnn<J 
Automation (linuiry 1963. 1964 1965. and 1966), Datamation (May 1963). end 
Computer k'orU (1969) 
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Figure 10 3 Computer syrtem block dogram 


of several built-jn elementary operations It does this on the basis of interpreting 
a “command," which essentially describes the operation to be performed and 
the location of the data upon which it is to be performed In carrying out these 
functions, the arithmetic and control unit must interpret each command, control 
the memory unit for the purpose of obtaining the data involved, execute the 
operation on that data, control other affected elements such as the files and the 
input-output equipment, and determine where to find the next command m the 
memory unit The internal memory element thus serves as the location from 
which data are drawn to be operated upon and from which commands are 
obtained in succession by the aiithmelic and control unit The files provide for 
mass storage of data, available at high speed to the computer The input-output 
elements, under tlie control of the anthinetic and control unit, provide the 
capability for communication to and from the world external to the computer 
In subsequent chapters, we shall discuss equipment for the penpheral 
components of a computer system— input, display, and output, files for storage 
of data, and means for communication In this chapter, we shall deal with the 
computer itself-the arithmetic and control unit and the internal memory 

Criteria for Evaluation 

Before examining the technical details of this internal hardware, let us place 
them in perspective by summarizing criteria for the evaluation of computers 
BasicaEy, there are four major issues 

(1) How sophisticated and flexible is the set of built-in capabilities^ 
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(2) . How fast IS the operation of the computer*’ 

(3) How large is the mtemal memory’ 

(4) How expensive is the main frame? 

Figure 10.4 presents a summary of these issues for a number of representative 
past and present computers 

Richness of Capabilities. As mdicated previously, one of the characterizing 
properties of the general purpose digital computer is the existence of a set of 
built-in capabihties sufficiently nch for the machine to perform the kmds of 
tasks to which it will be appLed These capabilities are represented by the set of 
instructions that the computer can recognize and execute This general 
characterization, however, is deceptive. The facts are that the set of built-in 
capabilities can be almost unbeLevably simple, and the machine can still, in 
principle, perform exactly the same operations that an apparently far more 
complex dence can perform In 1937, an English logician, Alan Tunng, defined 
such an extremely simple set of built-in capabOiUes (basically, being able to read 
and write a set of symbols on a tape, being able to move the tape forward and 
backward, and being able to change from one state to another based on a symbol 
read from the tape) capable of executing any computing task ’ ' 

The problem, however, is that the simpler the built-m capabilities, the more 
difficult is the work of progranuiung (that is, instructing the machine how to 
carry out defined tasks) It is therefore important to have some means of 
comparison and evaluation 

Unfortunately, there is no rimple answer to the question, “How complex Is a 
given machine*’” The number of instructions that can be recognized, the number 
of registers in which logical and anthmetic operations can be performed, the 
number of memory locations from which an instruction can obtain data— all of 
these, and mote, can be consdered At best, therefore, tlus evaluation must be 
quahtative and most be made in the context of a given task or set of usks. 

However pven no other criteria, the number of bits (or characten) in a 
typical instruction (expressed in Figure 104, column 4, word sae) can be used 
to provide a rough scale of complexity since, in pnnciple, the larger the 
instruction the more it can specify 

in this chipter and subsequent dupleri of thu section, we wiU provide tables listing 
the chanctenslics of represenijtive equipment la doing so, we recognize that the data is 
lihely to be out of dale even when il is pnnted, since it lepieients available information in 
196S and 1969 However, there is value di havu^ data of this kind tmmedutely at hand, 
even if ilighUy in error, since it makes things specific which otherwise wouU not be lit etch 
case mote up-to-date data can be found in acsreral periodic publications. In particular, 
computer daU Hie that in figure 10 7 ta published »n Campurer Ourec/erislict Quarlerly. 
Charles Adams Assocutet, Cambridge. Ma^ 

Tunng. Alan St . ‘Xian a Slachine HuniV'’ /a The Wc^ld of Mtlhemilict Newman. J 
R ed.NewYoik,SBnon 4 Schultes 1956.V 4 .r) 2099-2123 
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repeatedly (though roughly) confirmed by cmpvncal results since Uien. A direct 
application ofcost/effectiveness would, without question, lead to the decision to 
use the largest computer available, burying the library’s task in a host of uses of 
a remarkably efficient machine The difficulty, of course, is that issues of 
cost/effectiveness beyond the mere efficiency of the computer itself, with 
proper recogmtion of reliability, convenience, safety, and the like, must be 
considered 

Second, costs tend to be quoted m such a vanety of ways that direct 
comparison is unreabstic, if not unpossiblc'-for instance, rental versus purchase, 
a complex of equipment versus a sin^e component, and maintenance costs 
included versus maintenance costs not included 

However despite the difficulbes and possible misinterpretations. Figure 10 4 
mcludes an estimate of the cost of these typical computer systems. 

Figure of Merit With such a foniudable array of parameters as needed to 
descnbe computers, it is useful to have some kmd of “figures of ment” by whidi 
to rank them * * At the risk of over simpbfication, two have been included m 
Figure 10 4 Each is of the form N/CT 

(1) oi “A^i/CTi, where /f, is the size of a word, Ti is an add time, and C 
u the cost per month of the mam frame 

(2) ffj -tiNilCTi, where Wj is the size of the memory, Tj is a memory 
access time , and C is the cost pec month of the mam frame 

Arithmetic and Control Unit 

The operauon of the computer is controlled by the "Arithmetic and Control 
Unit," accoiding to a sequence of instructions or "commands " Each conunand 
must specify three things the operation to be performed, the location (m the 
memory) of the data that is to be operated upon, and the location (in the 
memory) of the next command A typical fonn for a computer instruction is 
shown m Figure 10 5 

Built-In operations. The budt-ui operations that the computer is capable of 
carrying out can be of a great vanety A set of typical commands is shown m 
Figure 1 0 6 Some of these operations are arithmetic or pseudo arithmetic m 
nature Commands calling for them will allow numbers from specified locations 
in the memory to be added, multiplied, subtracted, and so on. The power of 
these commands has led some people to view the computer simply m terms of 
the arithmetic operations and, thus, as a glonfied calculating device 

This view Ignores the fantastically greater power for complex manipubtiort of 

’’ Millht'kS. M V , "Oioo»r>a a Sctentiric Computer for Service,'’ Science. !6l (3836) 
(July 5. 1968) 23-27 
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OPERATION M ADDRESS C ADDRESS 

CODE (Operand Addreu) (Instruction Address) 


What to do 


to DATA AT THIS WHERE TO FIND THE 

LOaTION Iheo NEXT INSTRUCTION 

1 igure 10^ Strucluie of K-oflipuCer tnstiuction 


data afforded by the other types of built-in operations Probably the most 
significant of these operations are the “decision operations,” which allow 
comparisons to be made between blocks of data. essenUally independent of any 
arithmetical considerations In this way, data coded iii any form can be 
compared or matched against basic ctitetia and alternative paths of processing 
chosen Other related operations provide the capability for extracung portions 
of data groups (such as a single alphabeuc character), which can then be handled 
independently and exarruned by other operations Thus, complex codes 
(including alphabetic) can be readily handled and decipheitd 

Other operations, which can be provided as built-in hardware capabilities, will 
allow for the handling of groups of words, for a mass transfer of data, for the 
automatic rearrangement of blocks of data into prescribed order, for the 
automatic table look-up of one block of data against another, and the like 
A fourth class of commands-lhe input-output commands-provide for the 
control of peripheral devices and, thus, allow the computer to communicate 
externally under its own control in this way. data can be input to the computer, 
piocessed, and organized for output without any irunual intervention 

In summary, the tremendous variety of built-m capabibues of the computer 
makes it an extremely versatile too] for the manipulation of data 

Logical Design The anthmefic and control unit accomplishes all of its 
functions by means of an array of “circuit elements,” which represent 
combinations of the basic logical operations and, or. and not They are therefore 
concrete leahzations of what is known as “Boolean algebra.” named after 
George Boole, the English logician who first formalized it at about 1850^* 
(Another English logician Augustus de Morgan, a major contributor to the 
development of Boolean algebra, was also a major contributor to librananship, 
serving as a witness at the Hearings of the Royal Commission on the British 
Museum and supporting Paiuzzi m his cflbits to produce a rational catalog * 

Boole. George, An Invettigstton of the Lavut of Tfiaugfit London Walton and 
Mabeily, 1854 (Reprinted by Dover Publications) 

^®Gt Britain, Commissioners Ajipointed to Inquire into the Constituiion and 
Government ot the British Museum, Report. London, HMSO, 1850 (“The Panuii 
Report ") 
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Figure 10 7 defines some typical Boolean functions (C= A B. C = A*B, and 
the like) and illustrates them in terms of “Venn diagrams" (which provide a 
graphical presentation), "truth tables.” and schematics for electronic com* 
ponents 

The means of representing Boolean operations by truth tables emphasizes the 
importance that binary repicsenlation has in Boolean algebra, since membership 
in a class, or the (ruth of a statement concerning membership in a class, can be 
represented by 1 orO 

It IS possible to consider operations uivolnng 3. 4, ,n classes according to 
the same rules of operation Two of these, for n = 3 and « = 4. are shown in 
Figure 10 8 

Simple tliough these operations aie. it is remarkable that from them flow all 
of the wealth of logical relations implicit in the logical design of the general 
purpose digital computer Figure 10 7 has included symbolic representations 
of electronic circuitry for their realization To illustrate the usage of these 
Circuits, consider the problem of adding iwo uquences of binary digits 
representing numbers (for instance, A ° 0101 and B * 101 1) At each step, the 
operation must consider the particular binary digits from each of the two 
sequences as well as the "cany” from the addition of the preceding pan Thus, 
addition of binary numbers (not counting the carry digit resulting) at each stage 
IS a function of three binary vaiubles A,. B4. and C,., The successive cany 
digits Ciare a similar function of the same variables The truth tables for these 
functions are easily generated from the mles for binary addition, they ate 
illustrated in Figure 10 9 

Internal Memory 

There is a very close association between the memory and the anthmetic and 
control unit Instructions involve the defimtion of the location of data in terms 
of fixed memory locations each of which holds a set of data (such as six 
alpha numeric characters) The size of the set is usually fixed and called a 
“word,” and the location of a word is called its “address ” For example, if a 
given word consists of a set of alphabetic characters representing a name and it is 
desired that an operation diould compare it with another set representing 
another name, the command would need to specify the operation of “compare” 
and the addresses of the particular words to be compared 


Symbolic Logic, Boolean Algebra, and the Design of Digital Systems, Framingham, 
Mass Computer Control Company Itte , 1959 

Gardner, Logic Machmesend Diagrams, New York McGraw Hill, 1958 

Phister, Montogoraery, Is , Logical Design of Digital Computers, New York Wiley, 
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0 1 1 0 C 



/ = A B CiA-i C«A B>C<A>B C /-A-B>Ct](A'S] ftC-D) «(C-I>)][tA B-C D 
Figure 10 8 Truth tables of Boolean OincUont of three and four variables 
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fi = (A-B-C)*(A B) C*iA BhC*A B C 
f2~(A*B)-C + A B C 

Figure 109 Truth tablet the operation of binary addi- 


Even more important, in the close relationship between the memory and the 
operation and control unit, is the fact that the commands are themselves also 
stored as words in addresses of the memory In the first place, this allows the 
commands that arc interpreted by the operation and control unit to be 
automatically available to the computer and successively picked up from the 
memory In addition, however, since commands arc stored m the same form as 
data, they can be operated upon and changed as the result of other operations 
This last fealure-the ability to modify the stored commands-gives the general 
purpose computer its greatest power and has led the persons involved with 
computers to consider them as self-ieguUUng devices 
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Magnetic Cores. Most picsent day computers use magnetic cores as the basic 
medium for storage in the internal memory A magnetic core is a tiny ring of 
ferromagnetic material, a few hundredths of an inch in diameter A smgle 
magnetic core can hold one binary dipt— zero or one-by being magnetized to 
one of two magnetic slates represented by the points ZERO and ONE on the 
hysteresis loop of Figure lO.lOa If the core is in the ZERO state, the 
apphcation of full current. H„ drives it to the ONE state, negative full current, 
•//,. drives it bacJi to the ZERO stale. The “squareness” of the loop maXes it 
possible to apply somewhat over half ofy/« without materially changing the 
magnetic state This perrmts a “coincident-currcnt” type of operation, tequuing 
the comcidence of two partial currents for switching a core, with M/2 appled to 
each of the X and Y lines shown in Figure 10 lOb When a core is in the ONE 
state, the coincidence of two negative half currents will switch it back to the 
ZERO state producing a flux change which induces a signal voltage into the 
sense winding as shown in Figure JO 10c as a ONE signal ^Tien a core is in the 
ZERO state, the same negative dnve currents will move it slightly further into 
saturation, causing only a very small “disturb” voltage as shown in Figure 10 10c 
as a ZERO signal 

The cores are mounted m a rectangular array (Figure 10 lOd and e) Each 
core IS Imked by a horizontal X tine, a vertical Y tme, and a sense winding A 
core 1$ selected by the application of half currents to an X and to a K 
line (corresponding to an address m the memory) Only the core situated at the 
uiteisection of the two selected lines receives the full current necessary to turn it 
from one state to the other (Incidentally, notice that the operation of reading a 
core automatically puts it m the ZERO stale and therefore destroys the data 
Hence, if the data is to be saved, it must be rerecorded again) 

Sets of core planes are "stacked" to produce a memory module For example. 
With 100 X lines and 100 Y lines per plane, 32 planes would store 10,000 
addresser each containing 32 bits To read or store data m one ot the 10,000 
addresses (say, address 1234), the same A' line (say, line 12) and the same Khne 
(say.line 34) would be selected on each of the 32 planes 


COMPUTER SOFTWARE 

Computer “hardware” provides the capability for executing a variety of tasks, 
but computer “software" is what actually causes the computer to do what is 
Wanted of it 


’’Richards, R K, Digital Computer Componentx end Circuits, New York Van 
Nostiand, 1957 (Chapter 8, "Magnetic Cote Stoia^ ■) 
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Basic Piogiainining 

A computer performs a complex operation as a sequence of the elementaiy 
built-in operations available to it The task of analyzing a complex problem into 
a sequence of the elementary steps that the computer is capable of performing is 
the work of a professional group known as programmers The result of their 
efforts-the sequence of commands that the computer will obey-is called a 
program 

Parts of a Program Within a program, there ate certain critical portions to 
which particular attention must be paid by the programmer The first of these is 
the portion that establishes the starting conditions This will define certain 
constants such as the number of words in a message or the maximum size of a 
word of text It will make certain prebminary checks for consistency and 
accuracy of the data and of the program itself. A second critical portion of a 
program is known as the “bookkeeping” portion, which allows the program to 
maintain control of its own operation 'IhiswiU include counting the number of 
times certain operations have been peifonned, it may indude timing the 
functions of external devices; and it will include facility for handling error 
situations or other unusual situations The third critical portion of the program 
ate the decision points at which alternative paths or sequences of program steps 
will be chosen The fourth critical fiottion of the program is the actual operation 
that IS to be performed-the "heart” of the program 

77ie Role of Flow Charting Programming requires a very clear definition of 
the nature, purpose, and logical structure of the job for which the computer is to 
be used This generally takes the form of a "flow chart," (discussed in Chapter 
6), consisting of a number of boxes connected by arrows and other symbols 
This techmque of analyzmg a total problem by means of flow charts is standard 
not only for developing the program but for explaining its function Each box 
describes some major portion of the total job which, depending on the detail 
provided, maybe at the level of the elementary operations of the computer or at 
the level of much mote gross steps. The sequence of the boxes, as indicated by 
the arrows, then defines the sequence of steps m the solution of the problem 
The ability to choose from alternative paths has led to the usage in computer 
programs of iterations or “loops," which involve the repealed execution of a 
sequence of commands At the end of each execution of the loop, the program 
will decide whelhei to repeat »t again. The number of times that the sequence 
will be repeated is controlled by the program itself on the basis of several 

McCrjcken. D D .Diptal Computer Profjrammtae, New YoiV- WUey. 1959 
* ‘ McCormaL. L. M . Dipial Computer nimer. New York McGi»w-Hill, 1959 
*^Wrubet, M li , primer of Piopamminf for Digital Computrrt, New York. 
kUCiawilUl 1959 
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possible entena For example, the number of times that a loop will be repeated 
may be determined by preset constants or it may be determined as a result of 
(he particular nature of the data being operated upon In any event, this 
technique of iteration allows a relatively few commands to perform the work 
not only a very large number but even of an indelenmnate number of 
commands, since the number of iterations actually performed may vary widely 
from one run to the next 

Figure 10 11 illustrates the process of ptograiiunmg and the use of loops, and 
shows a program (using the instruction set of Figure 10 6) for the operation of 
"table look-up"— a fundamental one 

Subroutines 

If each problem for which a computer were to be used needed to be 
programmed from scratch, it is unlikely that the computer would have achieved 
Its present success Fortunately, there exists a technique not only for utilizing 
past experience in order to reduce the programming task but (as we shall show) 
for doing this in such a way as to effectively extend the range of built in 
operations that the computer can recognize The basis of this technique is the 
concept of a ''subroutme"-3 sequence of commands developed as a program for 
handling a general class of problems A subroutine is designed in such a way that 
It can be drawn upon whenever a particular problem involves any situation from 
this general class It is utilized by being appropriately integrated into a larger 
program and even combined with other subroutines For example, the "table 
look up” program from Figure 10 II would probably be formalized as such a 
subroutine 

Programs, called "assemblers,” have been wnlten by which the programmers 
can easily establish subroutines and combine them, without concern for 
essentially clerical tasks such as where the program or data may be stored 


Compilers 

The concept of the subroutine alone, however, would not result in a real 
extension of built-m capabilities of the computer, since the determination of 
the subroutines to be used and the recording of them as part of the sequence of 
instructions for a given problem would stiO be the job of the programmer Thus, 
although the subroutine can perform a job that is more complex than those of 
any elementary built-in operations, m order for it to directly represent an 
extension of the computer capabilities there would need to exist a means by 
which the programmer could call for the subroutine in the same way in which he 
would cal] for an elementary operation A “compiler” is a program that will 
interpret commands calling for subroutines of a far more general nature than 
those that the computer itself interprets 
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The development and use of a compiler requires three things (1) a set of 
subioutines. (2) a formal language by which the programmer can define the 
subroutines that mterest him and their lelaliondup to each other, and (3) the 
compiler itself, which mterprets this language and then bnngs together tlie 
subroutines required to perform the operations called for by the programmer 


When the compiler is m the computer, the computer has become effectively 
new device capable of recognizing a totally new, “lugher-level” language 


can assemble and execute sequences of mstructions expressed in that language, 
or construct “compiled” programs for subsequent use In this way, the burden 
of bringing together the appropriate subroutines for solution of a complex 
problem, m a form of such a nature that they fit with each other, has been 


removed from the programmer and placed on die compiler In a very real sense, 
this new machine (consisting of (he old computer witli the compiler) 
communicates with the programmer at a much higher level of complexity and 
abstraction and much closer to natural language The present aim in the 


** Caller. Betnaiil, ThtLunguigtofComputert, New Yoilw Mct^raw-HiU. 1962 


figure lO.lla lllusuame ptogam tabletocK^p 


'Table looimp'' i> a fundimentaJ task in (he handling of complex data by a computer 
for example, it ir frequenUy used for conversion of codes, it is part of tlie process of 
merging (or "interfiling''), it can be used to choose among a set of altematives. it is an 
integral pari of any procedure for searching a file it therefore represents on illustration uith 
mote than academic interest 

A 'table" is regarded as a sequence of items, each consisting of an idcnlifier (such as a 
name) together with associated codes or related data (such as a code for the name and an 
address) An example of a table is the thiee place cutter table in uhich an entry defines a 
range of names and (lie associated code is (he corresponding three place "cutter number 



Table look-up is then the process of comparing the indenlifiet of an item with, m turn, 
each of the identifiers in the Table until the relevant entry (item) m the Table is found 
Then the conesponding codes or rebted data can be assigned from the table to the original 
iicm For example, if s»e*ish to find the cultet number for ‘ Becker. Joseph.” ubie look-up 
would compare that name with each of the names m the table to see whether it « 
alphabeticaUy “less than" the name m the Table Therefore 
(1) Is "Becker, Joseph" less than “Becke'*" 

No (2)1$ 'Becker. Joseph" less than "BecketV" 

No (3) Is “Becker. Joseph” less than "Becker, P 
Yes(4) AssiyiB 39S to' BecVer.Iosrph** 

To see how ihe computer might be programmed to carry out such a task, let’s firs* 
construct a Clow chart (Figure 10 II (B)| 









Figure lOilc Data storage allocations 


Figure 10 11(d) is a progtam tJiat executes Steps 4, S, and 6 of this flow chart It 
assumes, solely for the sake of lUustiatron, that the table contains 999 entries, pievioudy 
stored (tot example, by Step Umsucccssi'ie addresses of the memory as follows 

1st entry Snd entry - 999th entry 

Identifiers m addresses 0001 OQOJ - 1997 

Related codes in addresses 0002 0004 - 1998 

It also assumes, again solely for the sake of illustration, that the item of interest has been 
stored in address 2000, and that the first instruction ui the program is to be stored m address 
5000 There are some things to pay especial attention to 

(1) The instruction in 5001 is twice used as a number (m instruction 5004 and 
5008) so as to change the program so it will successively step through the table 
and then get the related code 

(2) If this program u to be used again, the instruction m address 5001 will need to 
be reset to contain the starling mstruciion (25 0001 5002) 

(3) Although we specified addresses 0001 and 2000, they could be changed to any 
other appropriate addresses and, in fact, previous steps in the program could 
have done so by recording different instructions in addresses 5000 and 5001 

(4) The length of each item in the Table could be changed simply by changing the 
number in address 5005, and the location of the code relative to its identiflex 
could he changed simply by changing the numhet in address 5009 

The program, as wntten, fails to handle a possible source of error, which leads to a 
catastrophe If the gwen item is greater than every idtntilltt in the table, what would 
happen^ What can be done to the program to avoid such a catastrophe if enois of this kind 
can occurt Alternatively, what can be done to the tabled 


prQgratnnuti& field is to bring ihu level of abstiaction ever closet to the nonnaJ 
communication process of the ptogrammei himself 

The historical development of compilers roughly parallels the histoncal 
development of applications Thus, compilen and a corresponding specialized 
language have existed in the field of numerical computation since an early time 
One such language is called FORTRAN (FORm ula TRAN slator). and compslet* 
to interpret FORTRAN have been developed for most major computers The 
development of subroutines for busness-data handling came considerably later, 
the development of a language was correspondingly delayed. Fmally.asa result 
primarily of pressure from the federal government, the language COBOL 
(CQmmon Business Oriented Language) was established, and compilers have been 
prepared to interpret COBOL for several different computers.** The language 
to become the matt wvicly used 

** McCtatken,D D .A Criu^mflQRnUrV Programming New York WUey, 1961. 

McCricken.DinielD ,A CuiJrloCDRDilyVogramming NewVoik Wiley, 1963 
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r>guteI01Id Ptogtam 


Instruction 

Address 

Code 

1 Opciaiut 

Nut Imlniclion 
Address 

Lxplanation 

5000 

23 

2000 

5001 

Item of interest 
copied into Rj 

5001 

(21 

{ 0001 

5002) 

Entry from Table 
copied mto/ti 

5002 

87 

S007 

5003 

lfRi^ft}we must 
get next entry 

5003 

21 

5001 

5004 

Pick up the “table 
look-up" instniclion 
(that If, the one in 
AddressSOOl) 

5004 

70 

500$ 

5006 

Increase the table 
address by 2 

5005 

00 

0002 

0000 

The constant for 
adding 

5006 

61 

5001 

5001 

Scores “table look- 
up" and then goes 

5007 

21 1 

5001 

$008 

Pick up "table look- 
up” 

5008 

70 

$009 

5010 

Changes It to pick 
up code associated 
with entry found 

5009 

00 

0001 

0010 

The constant for 
adding 

5010 

61 

$011 

5011 

Stores code look-up 
and then goes to it 

5011 

5012 

( 

Next uiiUuction 

) 

The word set aside 


today ■* * It combines many of the best features of FORTRAN, COBOL, and a 
number of other programming languages 

It IS expected that as the apphcation of the computer to library problems 
develops, including information retneval and language data processing in general, 
standard subroutines will be established A special language may be required, and 
compilers will be prepared for each of the major computers When this occurs, 
the user of a library computer wiH very probably phrase his request in a form 
close to natural language and have it completely interpreted by the compiler 
The appropriate subroutines will then be automatically brought together for 


Weinberg. Gerald M ,FLfl ProgramimngPrtmer, New York McGraw HiU. 1966 
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execution of the request This is no dream, it is very much a part of the growth 
in understanding and increasing capabiLties of computer usage 

Figure 10 12 presents a list of representative programming languages 


Figure 10.12 Representative higber^evel progiaminmf languages 
Language ImplemenUUon Developer Date Charactenstici 


ADAM 

ALGOL 

APLy36Q 

BASIC 

COBOL 

COMIT 

DATA TEXT 

FACT 

FORTRAN 

CPSS 

IPDV 


IBM 7030 Mitre Corp 


No standard 
version imple- 
mented 

IBM System 360 
(used inter- 
nally by IBM) 
GE22S 


International 
committee from 
diDerenl organi- 
xations 
IBM 


Dartmouth College 


Most computers 


IBM 7040/44 
IBM 7090/94 

IBM 7090/94 
Honeywell 800 


Comimiiee of com- 
puter manufacturers 
and miliiaiy and 
government agencies 
Massachusetts 
Institute of 
Technology 
Harvard Univeraly 
Department of 
Soaal Relations 
Computer Sciences 
Corporabon for 
Mmneapohs- 
Hooeywell 
IBM 


IBM System/360 
Umvac 1107 
IBM 709/90, 650 
CDC 1604 
Bendu G20 
Philco 2000 
Umvac 1105 
AN/FSQ-32 
Probably others 


IBM 

Carnegie Insbtule 
ofTechnology 


1965 Aid m design and 
evaluaUon of data 
management systems 
1958 Algonthmic 
1960 
1960* 

1967 On-line subset of 
Iverson language 

1965 Training language 

prepatory Co learning 
FORTRAN or ALGOL 

1960 Business onented 

1961 
1961* 

1965 

1961 Scnnghandling 


1967 Numerical computsUons 
for Social Scienbsts 

1959 Business onented 


1957 Solution of numencal 

1958 problems 
1962 

1965 Simulation 
1961 List processing 
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Language 

Implcmcritation 

Developer 

Dale 

Oiarac lenities 

JOVIAL 

IBM 709Q 

Systems Develop- 

1939 

Algorithmic 


CDC I604 

meat Corporation 




Philco 2000 

Santa Monica. 




AN/PSQ-7 
AN/FSQ31.32 
CDC 3600 

IBM 9020 

California 

1966 


LISP 1 5 

IBM 709/90. 1620 Stanfoid Research 

1962 

List and tree pro- 


AN/FSQ-32 

Institute 


cessing 


PDM.6 

Menlo Paik, 




AFRCLM460 

SDS 930/40 
B3300 

Probably others 

California 



LISP 2 

AN/FSQ32V 

Systems Develop- 

1966 

Arbitrary mix of list 


IBM 360-63 

men! Corporation 


processing and arilh'. 


POP 6 

Santa Monica. 
California 


metis computation 

PL/1 

IBM Systems 360 

IBM- 

SHAREComimttee 

1965 

Ceneial purpose 

QUIKTRAN 

IBM 7040-44 

IBM 

1964 

On line version of 





FORTRAN with debug- 
ging facilities 

SIMSCRIPT 

IBM Sysum 360 

rand Corporation 

1963 

Simulation 


IBM 7090 

SanU MonKa. 




Many other com- 
puters 

California 



SNOBOL 

IBM Systems 360 

Bell Telephone 

1964 

Arbitrary string 


IBM 7040/44 

IBM 7090/94 

RCA 601/604 

SDS 930/940 

CDC 3100 

Laboratories 


transfonnation 


•Revised 

‘Extended 


Generalized Programs 

Many tasks for which the computer will be used are so similar that “packaged 
programs” can, in prmciple, be developed, which satisfy the requirements of an 
entire set of applications An early example was the task of preparing reports, 
which led to generalized “Report Generators ” Within the past five to ten years, 
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other tasks m file management have become sufficiently well identified so 
that generahzed “file management piograins“ could be produced (Figure 
10 

Generally, these task-oriented file management programs provide capability 
for executing a vanely of basic operations on a file of any format, within veiy 
broad limits Specifically, they can be used m the following ways 

1. To establidi Wes, mdudmg defimlion of file formats 

2 To maintain files, including adding, changing, and deleting individual 
records as a result of transactions. 

3 To search files, for purposes of rctnewng specified records or fields oi 
data according to request criteria phrased m Boolean form 

4 To prepare reports and other forms of output from files, mcludin& 
sorting data, arranging output formats, and controlling the prmting 

From the standpoint of library application, these task-onented programs 
represent the most important single step to be taken in solution of the software 
problem 

Operatuig Systems 

Compilers are the means by which the task of the programmer esn be 
simplified, but the subsequent operation of the computet itself requires other 
kinds of programs, called “operating systems * Many aspects of the 
computer’s operation are common to all programs Althou^ it is possible to 
include them in each individual piogtam, rt is moie efficient to cetittahze the 
subroutines that perform them They include the following operations 

I ContioUing the compilation of each program 


Hayes, R M , ''Generalized Programming Systems," Proceeding!. ASfO Conference. 
Chicago. 1965 

Report an Generalized File Upnagement Pro^mt Washington. D C CODASYL 
Committee, 1969 

Brown. Robert R , and Peter Noidyke. Ir . ICS An Informanon Control System. 
Downey, CaJifomta Noilb American AnaUoo. 1967 

Bryant.) H . and Parian Semple, Jr. "CIS and File Management," 

ACM national Meeting, 1966 

“ Introducing the MARK IV Management System. Sherman Oaks. California Infoc 
mauct.lnc 1967 

Generaltzed Information System Application and Description. New York 'B**' 
1965 (t:0-0179-0) 

” Postley, John A , and T Dwight Bueutl, ‘Ceneralized Information Retrieval ami 
Listing System," Dciamalion &tt2> {December 1962) 22-25 

Chapin. Ned. J60 Programming m AssemUy Lanaiaee. New York McGiaw-JlUk 
I968.rp 192 fr 
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l-i£uie 10 13 rUe oianagcmcnt syitcms. 


Developer 

Name 

CoiDpuler 

Number 

Cost 

AvaibbUity 

Auerbach 

DM/1 



Not yet available 

Control data 

Infol 

CDC 3600 

NA 

Available only for 

CDC equipment 

Informatics 

Mark IV 

IBM 360/30 

NA 

Available on 
contract 

IBM 

TFS 

CIS 

IBM 7090 

IBM 360/40 

NA 

NA 

No longer available 

Not yet available 

SBC 

erss 

IBM 360/30 

NA 

Available on 
contract 

SDC 



31 490/fflo 

Available on 
contract 

North American 

ICS 

IBM 360/30 

NA 

Available on 
contract 




SOOImtf 

Available on 
contract 


*MoAthly pnee obuuicd by dividing givcA purchas«pnceby 30 


2 Scheduling the time se<;uence of execution of a senes of individual 
programs 

3 Controlling the execution of each progiam 

4 Controlling the input and output operations 

5 Testing programs and helping to debug them 

6 Monitoring the utilization, and accounting for operating times 

7 Protecting files and programs 

The most advanced operating systems— multiprogramnung systems— can 
control these operations at the same tune on several different individual 
programs ‘ * In this way, several programs can be debugged, compiled, and 
executed m parallel, thus using the computer to full capacity and providing 
individual users with their results sooner than if they had to wait in line 

A related kind of operating system— a teleprocessing system-is specifically 

®®Head, Robert V, RealTime Buanett Sysleoa New York Holt Rinehart, and 
Winston, 1964, pp 238ff 
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concerned with the tasVs in contiol of pefiphmi input-output equipment It 
has special value in “interactive" muitipro^ssing systems 

Among the functions pcifoimcd by operating systems, perhaps the most 
important is the protection of files and programs— particularly where many 
different users are being served. First, data stored in the files of the system must 
be protected from undesired change, whether dehberate or inadvertent Second, 
while programs are being executed, they must be protected from the effects of 
execution of other programs 

The first function is accomplished by estabhshmg “secunty codes” for the 
individuals who have access to a given file for various levels of usage 

1. Those who can use data from a file, but only under the control of 
specified programs (for example, a file of answers associated with a program for 
computer-aided instruction, to which students have access but only through the 
CAI program) 

2 Those who can copy data from a file (for instance a file of summary 
census data used by a number of researchers) 

3. Those who can add data to a file (for example, a file of circulation 
records to which new charges can be added through any one of several 
termmals) 

4 Those who can change data already m the file 

The operating system wdl require that someone trying to use a file identify 
himself with his code which is then checked against a table to determine the 
level of use he can make of it. 

The second function-protection of progiatm from the effects of other 
programs-iequires that the operating system allocate memory locations, 
registeis, input-output equipment, and the like, to eadi program It must then 
cheek programs to guarantee that each refers only to those parts of the 
equipment allocated to it In a multiprocessing and on-line environment, this 
becomes so extremely difficult and time consuming that the “overhead” m the 
operating system itself can consume a large percentage of the machine s 
capacity 


COMPin'ER OPERATION 

The operation of a computing facdity involves many management decisions 
Will It be a dedicated, shared, or tune-shared facility’ A batch, remote batch, 
on-line or interactive facility’ An ad hoc or production facility? These issues are 
of utmost significance to the library because of the special problems that library 
data processing involves Unfortunately, the library is usually faced with a choice 

PaiUiiU, D r , The Challenge of the Computer Ulihly Reading, Majs Addiwn- 
Weilcy, 1966 


Computet Operation 272 


of Scylh or Charybdis-the difficulties of managing its own faciLty, with alt the 
problems involved, or the use of some external facility, usually not oriented 
towards the needs of libraries 


Dedicated, Shared, or Time-Shared 

Perhaps the most fundamental choice is this one Does the library establish 
and manage its own facihty or does it share one with some other organization^ 
In Chapter 8 we outlined, to some extent, the staftlng and facilities that an 
mstallation dedicated to library needs imphes The disadvantages of this choice 
are obvious-the magnitude of investment, the difficulties in acquiring satis- 
factory personnel, the necessarily limited capacity of the facility On the other 
hand, the advantages are also obvious The facilily will schedule its operations to 
satisfy the library's needs, the programs and services provided will be designed to 
serve those needs, and the faciliiy will be near to the library and readily 
accessible 

The choice of a shared facility has many appealing features Frequently, the 
library is a component of a larger organization-a university, an industrial 
company, a community, a school— which already has a computer facility or 
plans to acquire one It is natural to expect the library to use the large 
organization's computet facility and even to justify some of the costs on that 
basis The advantages for the hbrary are the easy availability of computing 
capacities far beyond the needs of the bbraiy, and usually at veiy economic 
levels of cost On the other hand, it must be recognized that even these larger, 
shared facilities face severe management problems The number of people with 
the combination of technical and managerial expertise required is very limited 
In fact, many university computing facilities during the past several years have 
had great difficulty in simultaneously serving the needs of research, instruction, 
and administration If the ptobknu represented by the library are added, they 
are very likely to be given short shrift or low priority, inappiopnate to the 
operating needs of the library 

A third choice—a time-shared facilily-has great appeal ® * Whether it takes 

the form of a time-shared computer in a company or a commercial service, it is 
probably designed to serve all users on a relatively equal basis Figure 10 14 lists 
some commercially available tune-sharing systems Unfortunately, despite the 
inherent capacity of the hardware represented by these systems, the software is 
very restricted and inappropriate to the requirements of library data processing 
(except in limited areas that are simply analogues of business data processing). 


“Time-Sharing A Compulet for Eveiyooe,*’ Electronic Design, 16 (9) (April 25, 
1968), C1C74 

Time Sharing System Scoteastd, Los Anseles Computer Research Corporation, Fall 
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278 Processing of Data 


Batch, Remote Batch, On-Lme, or Intmctne 

The choice between a batch operation and an interactive one is a major 
techmcal decision concerning the kind of computer system, the kind of service, 
and the kmd of relationship to the user 

Batch operation has been histoncaUy the most widespread and is the best 
understood It is the most effiaenl in use of the equipment and a natural step in 
the progression from manual systems to more automated ones However, many 
people concerned with the development of library data processing believe that 
batch processing is a cul-de-sac, uneconomic, and mappropnate m the context of 
hbiary operations as a totality 

Remote batch operation represents an mtenm step, with batch processing but 
on-lme acquisition of the data to be ptoces^d As such, it combmes the 
efficiency of the former with the ease of communication of the latter Many 
“on-hne” circulation systems are better described as “remote batch.” Most 
commercial services for Ubraries will operate m remote-batch mode 

On-lme operation has been the goal of most people developing large-scale 
computer systems today It combines on-hne data acquisition with the use of 
direct-access files-usually magnetic disks— so that as transactions are received by 
computers the relevant data can be retneved from the files, piocessed, and the 
mults transmitted to ihe user 

Interactive operation represents the present ultimate m man-computer 
relationship. Superficially, it differs from less extreme on-line operation only m 
the speed of response, but this is a world of difference The effect of interactive 
computer operation is to produce a symbiosis, m which the results of the 
computer’s operation have an sminediate impact on the man’s own thought 
processes 

Ad Hoc or Production 

The dichotomy represented by this choice highlights the problem faced by 
the library Most university research computing facilities are designed to serve ad 
hoc computmg needs, m which jobs submitted bear little if any relationship to 
each other For such facilities, the contrast between open shop (m which 
programming is done by the individual himself) and closed shop (in which it is 
done by the facility) is a most important one In sharp contrast is the situation 
m most industrial corporations m which Ihe work of the computing facility is 
almost completely production onenled, utilizing standardized programs. 

Unfortunately, the library falls into a kind of limbo In its internal 
(“technical”) operations, it requires a producUon-orwnted faciltiy; m its 
external, service operations, it requires an ad hoc facility 



Computer Opcfstion 279 


The Combination of Facilities 

In the confusion of all of these choices, it is hard to determine exactly what 
the library should do However, perhaps it is not a question of “either/or” but of 
"both”— dedicated and shared, both batch and on-line, both ad hoc and 
production To be specific, libraries senously considering mechanization should 
design the system around a combination of a small-scale, library-based, batch 
processing computer to satisfy the production requirements with a large-scale 
shared facility, operating on-bnc and providing ad-hoc services to both the 
library and its patrons Such a combined system underlies most of the 
evaluations of library subsystems presented m Parts IV and V of this book. 

The use of a combination of facilities has many obvious advantages The 
library is able to maintain control over its own records and schedule operations 
on Us own facility to Us own convenience. And yet, when a large-scale 
computing capacity is needed, the library can call on much larger resources 
On the other hand, a combination of facilities raises some very significant 
problems m the compatibility of the separate facilities Strangely, they are not 
usually problems of physical compatibibty (such as the abdity of the tape 
handler in the larger installation to read tapes produced by the smaller one) so 
much as a problem of software compatibility For example, a major difficulty of 
the moment ate the apparent incompatibilities among OS (for “Operating 
System," used in the very large IBM computers), DOS (for “Disk Operating 
System," used m smaller IBM computers), and RPG (for “Report ftogram 
Generator," the ptogramrtung system used on very small IBM computers) This 
becomes evident, in an especially exasperating manner, in the area of “tape 
labeling,” with one computer’s software being mcapable of understanding the 
most basic forms of data produced by another computer’s software— that is, the 
data that describe the organization of the files themselves 

Any library considering the use of several facilities must therefore be very 
conscious of the problems in compatibibty and consider them carefully before 
commiting resources in what may become a cul-de-sac 


Suggested Reading 

The literature of computing today is so nch and diversified that it is difficult 
to encompass its scope in a limited reading bst Some is highly popular and 
specutahve, sortie, highly technical and absinise Some is concerned with 
hardware, some, with software, some, with applications At best, therefore, we 
can suggest a set of representative works which will lead the reader mto this vast 
literature 
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Babbage, Charles, Calculating Engines, edited by Philip and Emily Morrison 
New York Dover, 1961 

This IS of more than passing historical interest It is, in addition to being of 
valid technical content, a commentary on the problems faced by the 
technologist in his attempts to achieve the results he visualizes, some of which 
arise from his relationships to private and public sources of financial support 
Bernstem, Jeremy, Analytical Engine Computers, Past, Present, and Future. 
New York Random House, 19W 

Based on a senes of articles m the New Yorker, this is a highly readable 
description of the computer in all of its aspects 

Huskey, H D , and G A Kom, Computer Handbook, KewYotk McGraw-HiU 
1962 

This 11 an encyclopedic work, coicnng varsoui aspects of computer hardware 
and software, including analog computers It heavily emphasizes “computing” at 
the expense of other applications 



Chapter U 

INPUT, DISPLAY, AND OUTPUT 


Although machines process data recorded its machine language, the staff and 
users of the libraty requite dau that they can read. For data to be 
commumcated between people and the computer, a means mutt be provided for 
the conversion of tt from pnnled form to machine langtage (input) and from 
maclune language to printed fotm (display and output) This chapter descrtbe. 
the opeiatmg charactenstics of the evadable equipment for input, display, and 

The requirements for corranumcatton of data vary somewhat from library to 
libraty and between types of hbtanes (pobhc school, college and research, 
industrial, and so on), but there are four characletisucs of printed data that ate 
especially lelevant to all library operations 


1 It's voluminous. There’s a lot of it and its rate of growth is astiononucal 

2 It's alphabetical Letter!, and other symbols are involved, with numbers 
playing primarily a symbolic role, not a computational one 

3 It’s a[ differing type fonts Original copy and output may appear m any 
type font including italics, upper and lower case, and the alphabet of any 
language 

4. It’s prepared in avanety of i\ays. Standardization of printing and format 
is not always possible or even desirable 


' Gregory, R H.andR.L y/saHimi, Automatic Oata Frocesuni Systems Principles 
and Procedures BelmonC, CaWomta Wadsworth. J963 (Chaplet 4, Input-Output 
Equipment”) 

^ iSurpry of Computer Peripheral Fqutpment (Report to the Office of Naval Research), 

Auerbach Corporation, August 1962 
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REQUIREMENTS FOR DATA 

To show the relative dgniiicance of these dtaractenstics, Lbrary data can be 
classified into a numbei of major categories management data, circulation data, 
cataloging/udexing data, selecbon/acqumtion data, and texual data. 

Management Data 

Management data usually has no special requirements m terms of fonts or 
prmt quality, and it therefore raises few difHcult format problems on either 
input or output Almost any standard equipment may be utilized for 
management data in libraries of any kind 

Circulation Data 

Input for library circulation control depends on the methods for borrower 
registration and book charging. Information concerning borrower registration is 
straightforward and does not require any special characters or specialized data 
collection equipment. Book charging, while not requiring special characters, 
must be accomplished at a charging desk and therefore places significant 
requirements on the form of data about the bonower, the book, and the 
conditions of loan 

Catalo^gflndexing Data 

The lequnements for cataloging and indexing data are subject to especially 
wide variance among hbranes (hiiversities and other major research bbranes 
catalog materials in great depth of detail, in many languages, and frequently 
require character sets for non-Roman alphabets Very specialized input 
equipment or complex coding techniques are needed to meet the input needs of 
such libraries On the other hand, pubhc bbranes without major research 
collections and school bbranes deal with few multilingual materials, and usually 
catalog m less depth Their catalogs can often be restncted m their fonts. For 
even a moderate-sized bbraiy, the amount of data m a catalog represents a major 
problem for both input and output 

Selection/Acquisitioa Data 

There are two general kmds of data in selection/acquisition bibbographic and 
accounting. The former can pose problems equivalent to those encountered m 
catalogmg/indexing The latter usually poses no special requirement, since it 
IS comparable m nature to manageiiKiit data 
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Textual Data 

As libraries begin to consider storage of textual malcnai (books, articles, and 
abstracts) in mechanized form, the problems of input and output become almost 
insurmountable The volume and variety of data are so great that only a major 
national program of acquistion of data at its source can really make 
mechanization feasible Even at the relatively simple level of conversion to 
microforms, most studies have indicated that the cost for conversion of a major 
collection would be prohibitively expensive 


CONVERSION TO MACHINE LANGUAGE 

To convert printed data to machine language, one can capture the data as a 
by-product of the key depressions made on a keyboard; one can use “reentry” 
documents, produced as output from a machine system, with the same data 
recorded m both printed and machine-readable form, or one can attempt to scan 
or “read" printed information automatically * The devices foi doing tius include 
the following ones 

1 Punched<aid equipment 

2 Punched-tape (and “strip-punched” card) equipment 

3 Magnetic-tape recording equipment 

4 On-line terminals 

5 Optical character readers 

6. Displays 

At the present tune, key depression is the most widely used for conversion to 
machine readable form It is especully effective as a by-product of the creation 
of the original printed data This means, however, that the data must be acquired 
at Its source Since this is seldom possible when pubbshmg is uncontrolled, it is 
usually necessary to rekey or retype onginai matenal m order to obtain 
machine-readable data Punched-caid keypunching is the oldest and most proven 
method of capturing data Punched paper tape is frequently obtained as a 
secondary output from a typewnter, a cash register, an adding machine, or 
similar devices and is then fed into a computer to be refonnated, edited, and 
output onto magnetic tape or punched cards Magnetic tape writers are keyboard 
devices that write information directly on magnetic tape On Ime terminals are 
used for keying information directly into a conqiutei or peripheral processing 
system As data is keyed, it frequently tasimultaneoudy displayed on a cathode 

^ Hayes, R M , ‘ forms of Input,” m Electronu Information Handling, Kent, A , and 0 
E Taulbee, eds Washington. D C Spaitaa Books, 1963. pp 21-34 
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ray tube (Tike a television saeen) with online verification and conection 
procedures possible 

Inasmuch as typing is tedious, slow, and cnor prone, ways and means have 
been developed for the automatic “readmg” of some forms of printed data 
Character recognition” involves the use of devices with sufficient discrimin- 
atory power to scan letters and produce unique electrical signals for each that 
can serve as input to a machine. The primary problem faced by all character 
recogmtion methods is to obtam clean-cut, disaete signals for each letter, 
number or special symbol scanned 


Criteria for Evaluation 

In order to evaluate the relative merits of these devices, the nature of Lbrary 
requirements must be considered. The relevant issues are as follows 

1 Likely rates for key-punching or typing and for input to the computer 
are important because of the sheer volume of data. 

2. Methods for error detection and correction are important because of the 
high rates of human error in typing and the still significant rates of erroneous 
conversion with opucal character reading equipment. 

3. Flexibility of foirrut is important because of the high proportion of 
vanable formats and vaiuble fields in hbtary work. 

4 The character set and method for coding it ate important because of the 
alphabetical nature of library matenal and the variety of fonts {including 
non-Roman alphabets) which it mvolves 

Typing Rate. This depends heavily on the quahty and format of the source 
matenal If it is messy, illegible, or badly arranged, production rates can drop to 
one half or less of what would be normal Of equal importance is the extent to 
which the typist (or key-punch operator) is required to make decisions or 
choices among alternatives For this reason, most large-scale mput conversion 
projects mtroduce an “editor” to made all necessary decisions and put the 
matenal into a form for easy typing. 

Aside from these considerations rebting to the source matenal itself, typing 
(or key-punchmg) rates are controlled by the characteristics of the equipment 
The machinery for card transport m a key-punch, for example, results in rates 
rou^y one half that achieveable on a typewnter With on-lme typewriters and 
displays, rates are dependent on the nature of the software system and the 
number of terminals simultaneously operating 

Input Rale. This depends entirely m the nature of the machine-readable 
medium serving as the means of conversion Since punched recordings (botli 
punched-catd and punched-tape) and printed recordings are low-density media. 



Convenion to Machine Language 285 


input tales are inherently limited by the rate of transport of the medium, usually 
to a maximum of 2000 characters per second In pnncipic, magnetic recording 
can permit extremely high rates of input, but the cost of buffer storage 
necessary to achieve them has himted the input to rates of about 1000 
characters per second With on-hne fcnninals and typeivnters, the input rate is 
limited primarily by the capacity (band-width) of the commumcation channel 
With normal telephone lines, only 250 to 300 characters per second can be 
transmitted 


Error ^erection The rates of enot in most manual clencal operations are 
extremely high Typical estimates on enon m typing range are from I error per 
5000 characters (f^or purely numerical data) to 1 error per 1000 characters (for 
library type material) The kinds of enors include substitution (of one character 
for another), omission, insertion, transposition, and combinations of these 
Because of the magrutude of these errors, it is usually necessary to include some 
means of enor detection as a control over the quality of data input 

Another source of error arises if optical character-reading equipment is used 
Enors from misinterpretations of diaiacters anse at rates that seem to be 
comparable to manual rates (roughly I error in every 5000 characters is claimed 
by one manufacturer, for alpha-numenc data) 

The most obvious method of error detection is proofreading-the visual 
compamon of the source data with a printed copy of the input data. 
Unfortunately, it is slow and not especially effective There are some kinds of 
enors that the mind seems to accept without question, and other kinds of enors 
(such as the insertion of supetHuous spaces) that the eye finds it difficult to see 
In punched-card installations, it is the common practice to punch all data (at 
least, that for which accuracy is important) twice and then to compare the two 
sets of data Usually, this involves the use of a “verifier” that makes the 
comparison as part of the second punching operation The problem is that this 
level of accuracy is not warranted by much of library data (since it effectively 
doubles the cost of input) 

Some kmds of input data can be tested for consistency and validity by the 
computer For example, data exceeding (he size of a fixed field or outside the 
range of values known to be acceptable can easily be detected by the computer 
and flagged as a potential error. 

Unfortunately, however, the nature of library data probably makes any of 
these techniques relatively expensive and even meffective As a result, the Lbraiy 
must search for some other means of eiror control-one that recognizes the 
realities and is willing to tolerate a moderate level of error. This implies some 
statistical approach to quality conticd, m vriuch samples are taken of input data 
and tested for an acceptable or unacceptable level of error If the level of error in 
the sample is below a presenbed value, the batch from which it was selected is 
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accepted Otherwise, the batch is keyed a second time and then matched with 
the fust data A typical rule might be as follows 

If the library requires that less than 1 percent of the records be m error, 80 
lecQtds will be chosen at randomout of each batch of 1000 and inspected 
for errors If two or more entncs in that set of 80 contain enors, the entire 
set of IQQQ will be repunched, if at most one contains an error, the set of 
1000 will be accepted. 

Error Correction. This can be done as part of the input conversion operation 
itself, with correction of the erroneous data as it it recorded This might be used 
with cm-bne equipment and programmed validity checks, and il is the method 
frequently used i^ith simple errors on punched cards and punched tape The 
prefened approach, however, » to identify lines of data at the time of original 
input and then, subsequently, to provide the computer with “correction lines’ 
with the same identification The computer then makes the indicated corrections 
by replacing the erroneous lines with the new ones 

Fomuf As indicated m Chapter 9, bbrary data tend to mvolve variable 
formats Some means of mput-pundied cards, in particular— therefore intro* 
duce artificial limitations that must be weighed against other apparent 
advantages 

Character Set Most Input equipment provides only a limited range of 
fonts-far more limited than most bbrary data involves As a result, the bbrary 
must either accept those typographic btnitalions or adopt complex and 
cumbersome methods of encoding multiple font “shifts “ [In its study of input 
requirements of the Library of Congress, Inforomcs outlined a method for such 
coding, using an “alphabet shift key” (■) followed by a “font code” and then by 
a normal font character coiiesponding to the desired character 

Figures 1 1 la to 1 l.le summarize the chaiactenstics of each of the five types 
of input devices with respect to these cntena 

Punched Card Equipment 

Punched card key-punching is usually regarded as part of a complete punched 
card data processing operation,*'* bnl it may also serve as means of input to a 
computer which will subsequently perform operations on the data 

* BucWUnd. Lawrence r. The Recotda^ of Library of Congrest Bibliogrephical Date m 

Machine Form Washington. D C CouiKilon Library Resouicei. 1965, p 11 

* Casey. Robert , an4 lamesW Pcny.ftutckedGvdl. rheir ^ppJicalionl in Scienceand 
tnJuury SewYotk Rcmhold, 1951 

^ Triedman, Burton D , Punched Card Aimer Chicago Public AdnunisuaUon Service. 
1955 

^ An /ntroduciion to IBM Punched Card Data facetting New York. IBM (F2CW07<) 

* Patkei, Ralph, Library AppUcatiant of Punrhed Cardt Chicago Ameneaa Library 
Assocuiion. 1952 
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Equipment 1 

General Lvafaration 

Trends 

(1) hinchedCaids 

Fait Lrror coiTKtton simple, 
but separate TCiiflcation e<)u^ 
ment consideted undesirable, 
celalivcty expensive, typing 
rale low, format otuMlly hauled 

Many agencies arc 
considering conver- 
sion to other forms 
of input ecjuipmcnt 

(2) hinched Tape 
(and stnp- 
punched cuds) 

Pair Error contcUoo cumber* 
some, inexpensive for many 
appbcations (even when a secon- 
dary conversion to gCVcolumn 

1 cards must be made), typing rate 
high.format very flexible | 

Many agencies are 
considering conver- 
sion to other forms 
of input equipment 

(3) Magnetic Tape 
Encoders 

! 

Good Error cociectioo simple. 

foimaircatonabiyflcxible;most | 

feasibility studies uidicalc 
distinct speed advantages, bow* 
ever when cost is considered, 
throughput advantage does not 
defray increased cost 

Many high-volume 
punched card and 
punched tape opera- 
tions involving 
secondary tnnsU* 
bem to tape ate 
being converted to 
magnetic encoderk 

(4) Oit'Une 

Typewnceta 

Good Error coneclioo excel* 
lent, relatrveiy expensive, 
moderate speed of typing, great 
flcxibUiiy possible m formats 

Growth mdieatcd by 
trend to On-line, 
time-shared systems 

(S) Optical 

Readers 

1 

Unknown bot probably excellent, 
(c^tical charades readeis sliD 
being tested for large scale 
input of bbtaiydela) Error 
rates depend upon maleiial. enor 
conection can be diincult. 
large capital iDvestroent, but 
most economic input of all, 
typing rale can be maximum, and 
input rate is high, formats may 
be cestrwted but ate generally 
flexible 

Greatest potential 
for growth, trend to 
development of hand- 
pnntuig reader and 
readers capable of 
automatically 
sensing font and 
siae changes 

(6) Alphanumeric 

Displays ^ 

1 

Good (but of marginal economy, 
and still being tested foe 
library usage) Errew correc- 
tion (xceUrnt. relatively 
expensive, typing rare can be 
limited but » likely to be near 
maximum, formats miv be bnuted 

Growth mdicated by 
trend to ondine, 
tune shared systems 
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Figure 11.1b Summaiyofchanctentucsofinputdevicei 


Equipment 

Typing Rates 

Input rates 

(1) Punched Cards 

Dependent upon quality and format 
of source, bat typically 6000 
characters per hour 

Up to 2000 characters 
per second 

(2) Punched Tape 
(and stnp' 
punched cards) 

Dependent upon quali^ of source, 
but typically 12,000 characters 
per hour 

Up to 2000 cbaracten 
per second 

(3) Magnetic Tape 
Encoders 

Dependent upon quality of source, 
but typically 10,000 cbaracten 
per hour 

Up to 1000 characters 
per second 

(4) On-line 

Typewntett 

Dependent upon software system, 
but varying bom 6000 eharacteis 
per hour to 18.000 chaneWrs 
per hour 

Uimted by bandwidth 

of communication 
channel and size 
of buffer, normally 
to about 300 char- 
acters pet Kcond 

(S) Optical 

Readen 

Up to mawn>um(l«.000 characters 
per hour) 

Vanes from 350 to 

2000 characters pet 
second 


Dependent upon soflwaie system 

but varying bom 6000 characters 

pet hour to 18.000 characters 

pet hour. 

Limited by bandwidth 

of communication 
channel and sue of 
buffer, normally to 
about 300 characters 
per second 


rat basit mtd,™ tstd by punchtd otd tqu.praiM „ the punched ettd 
M ' ? P*!*' cap ».tteimd a 

mTd'Th T°m 7 ""S'' ''“"“C"'- II it 7 3/8 u>cht! in length, 3 1/4 inches 
onli anJl, » meeting IheS^ speolications 

aie to ^ 11 . "hhcsl necessity if the machines 

^to piocess the caids accurately and if the casd is to be used for any length of 

acJTc'Th'™ '“‘I (fW 11 2), there are 12 honzontal roi« 

'» 17 l"l pnsitiona Each card has 80 vertical 

m "S'"- ” ■*"' " “ PCicM' 1» SO letters. 

to f rb Q% ' Cl^cten, or any eombmation of them. Numencal digits 

Linm ^ «P/esented by a single punch m the corresponding row of the 
column in which they „e recorded. Alphabebc letters „e fomed by the 
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Figure I l.le Sununaiy of cituacierutict of input devices 


Eduipmenl 

Enoi Detcctloa 

Error Correction 

<I) E^inched Cards | 

“VeriTier*' invotves ickejrlnf 
enure set of data. Pioofceading 
Involves pruiUng content! of 
caidi and then vmiaDjr seeding 
hardcopy produced by typwg 

tlekeying of entire 

Card 

(2) Punched Tape I 

(and itnp- 
punched cards) 

Proofreading of hardcopy pro- 
duced by typing (allbough double 
punching and validity checks are 
possible) 

Cumbersome rekeying 
(usually of entire 
line, sometimes of a 
tingle field or 
character) 

(3) Magnetic Tape 
Encoders i 

Proofreading of hardcopy, 
usually of a printout from the 
ispe ValidiV checks are 
bkely to be uied btfoie 
pruitoul 

Relatively simple 
tekeymg (usually 
bfentue line, 
temetunes of single 
held or single 

Character) 

(4) On-line 

Typewnien 

Proofreading of hardcopy, 
produced by typing On-line 
computer checks of validity 
and conastency 

Relatively simple 
Ukeying. uwally of 

(S) Optical 

Double reading and inlenal 

1 companion wdlsignilVcantly 

1 reduce error rates due to the 

1 tesder Errors in onguial 

typing detected by proofieading 


(6) Alphanumenc 

Fioofieading of displayed data 

On-Une computer checks of 
validity and consistency 



combination of a punch in the ‘'zt>ne»” (tows 11, 12, 0) and a punch in one of 
the rows 1 through 9 For examine. 

A— 12zone punch and digit 1 punch 
N"! 1 zone punch and digit S punch 
Z— 0 zone punch and digit 9 punch 

Figure 1 1 3 presents a comparable picture of the format and coding for the 
punched card used in the Univac systems of Sperry-Rand It shows that the card 
uses '‘round holes” instead of rectangular ones (because of differences m the 
methods for card reading), and therefore can record only 4S columns per card 
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Figure II. Id Summary of diaiacUnstics of input devices 


Equipment 

Fonnat 

Keyboard Layout 
and Functional 
Controls 

(1) Punched Cards 

Keypunch has generally required 
ngid card format which dictates 
careful design. 

A standard keyboard 
layout IS universal 
except for special 
symbols 

(2) Punched Tape 
(and stnp- 
punched cards) 

Proper form design demands that 
forms, output tape, and program 
tape be coostdered as a single 
system. 

General typewnter 
fonnat, with vana- 
tions UI placement of 
special symbols and 
functions 

(3) Magnetic Tape 
Encoderi 

More format free than key- 
punches, but buffer limiUluie 
to 80 or 90 cbaraclets Speaal 
ptogam potential should be 
taken advantage of m forms 
design 

Basic keypunch 
anangement. with 
option of other lay- 
outs Hasmonfun^ 
bonal controls than 
keypunch 

(4) On'Une 

Typewnteri 

Except for icandwd "good design 
procedures’* few restnctions 

Since most controls ate manual, 
(lumber of carnage returns, ete . 
should be muuroaL 

General typewnter 
format, with vans* 
tioni in placement of 
special symbcds and 
functions. 

(S) Optical 

Forms must be designed with OCR 
ui mind, with leqiect to form 
size, fool, ink. etc 

Current manual entry 
keyboards under study 
Not critical to 

(6) Alphanumeric 
Displays 

Form design must be related to 
iimiti of CRT Duplay 

Multiplicity of key- 
boards available in 
both basic keypunch 
and typewriter formats 
Wide vanauon in num- 
ber and position of 
functional controls 


However by using a more effiaent coding system, with only 6 bit poalions for 
ea ^pha-numenc character, two characters can be recorded in each column for 
a total of 90 characters per card 


Card The card punch is basic to all punched card data processing 

equipment It is the means by which to transcribe data into the form of 
punched holes in cards 
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Piguie ll.le Summaty of chaiactcfislic* of input devices 


Equipment 

Code 

Character Set 
and Fonts 

(1) Punched CarJs 

1 loltcnth code used wiih cnoti 
card equipment. 

Two basic sets in use 

48 and 64 characters 

Many uses for special 
character teprescnUtions 

(2) Punched Tape 
(and sUip- 
punched cards) 

Eighl-channcI code u now 
standard 

Some deviation between 
diffcttnl manufacIutcTS 
Vpwiid compaubdiiy in 
single manufacturer's 

(3) Magnetic Tape 
Encoders 

AU six-lcvel BCD-NRZl codes 

I possible On new equipment 

EBCDIC will be used • ASCII S” 
j being considered 

Both 48 and 64 character 
sets available Key- 
punch onented 




($) Optical 

Readers 

No output code restiiclion 

Font style critical 

Multifont readers ate 
considerably more 
expensive and less 
reliable 

(6) Alphanumeric 
Displays 

Most output in USASai, but 
some output in 6-level BCD 
code 

A wide variety of 
special symbols 


A most important feature of the card punch is the capabiLty that it provides 
for automatic control of the fields lo be tecorded on cards-sfcipping fields when 
they are not needed, duplicating fields from one card to the next when desired, 
or automatically shifting from numeric to alphabetic fields vrithout necessitating 
keyboard operations A "program card” mounted on a rotating drum is the basic 
means for such control It aas as a complex version of the “tab" on a 
typewnter A card is prepared for eadi different field structure or punching 
application and can then be used repeatedly Punches in vanous columns m the 
program card control the automatic operation for the corresponding columns of 
the cards being punched, with each row in the program card controlling a 
specific function 

’ Reference Manual. 026 Key Punch White Plains, New York IBM Data Processing 
Publications 
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Operating speeds of the key-punch are variable, since they depend on the 
operator and the nature of the matenai to be punched— its readabiLty, 
organization, and sequence However, an approximate rule of thumb is a 
production rate of 6000 key-strokes (characters) per hour for typical matenai, 
including allowance for nonproductive lime of the operator 

Key-punchmg was, at one Dmc, the only major means available for data 
input, tracmg its ongins to punched card applications m use long before the 
computer As a result, every format, regardless of how arbitrary, had to be 
forced to fit within the constraints of the 80-column punched card-a real “bed 
of Procrustes. The actual source of data therefore usually does not conespond 
with the form required for key-punching The usual procedure is to have certain 
categones of information on the form assi^ed to a given card record (for 
example, a “tiUe” card or an “author” card) This often requires that either the 
operator skip around the source of data to bnng order to the card record, or that 
many operators encode different categones of information separately 

some of these format problems, certam types of format-free 
ncoding have been developed, [n the government, experimentation with coded 
identification of fields rather than npd fixed formats has resulted m 
considerable time savings 

l^n general, however, because of the problems involved in key-punching, 
highly orga^d pre-encoding procedures ate usually used Before the document 
IS presented to the key-punch operator for punching, ediKoders prepare the 
/f' punching-converting codes, definmg fields, makmg illegible 
entries lepble, and referring items carrying non-standard data to a professional 
hbranan Figure 1 1 4 lists typical card-punching devices. 

Card Readen From the standpoint of modern-day digital computer systems, 
punched ^ds serve pnmanly as a means of input of data to the computer 
Figure 11 5 lists typical card-reading equipment 

Card Handling Equipment In smaller data processing installations, punched- 
card handling equipment is used to perform those operations that the computer 
ou 0 internally These mdude duplicating, venfymg, sorting, selecting, 
merpng, and printing Figure 1 1 6 lisU typical card-handhng equipment 
Dupbcating IS automatic punching of repeUUve information from a 
masier card into a group of succeeding “detail cards.” normally as part of 
card-punching Instead of depressing keys lepetiUvely for common information 


OSJ Sorirr Wlme PUint. New York IBM D»u Procening 
Afa/iua/ OS? CoUetot White Hum. New York IBM DaU Procenuig 


rjfcufa/or Whrie PUmr, New York IBM Data lYocening 
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I'lgure U.4 Catd punching equiprnenl 


Mlnuf^turer 

^ Name | 

Model 1 

m 

Price pet 
Monlb tOoUaii) 

Characlerisllcs 

IBM 

Key Punch | 

024 


40 

Alpha numeiic 

1 Key Punch 

02£ , 

ILrS 

60 

Alpha numeric 

1 Key Punch 1 

029 


60-89 

Alpha-numenc 

Tape-to-Card | 

046 


140 

Conveili from paper 
tape to card 

Tape ti>Card | 

047 1 


160 1 

Card punch and pnn ( 

Trinsecivtr ' 

06S 


90 

Connects telephone 
lines to 026 

Card Punch ' 

a* 


50-70 

Similar to 024 but 
programs 

Print Card 
Punch 

S36 



Programmed card punch 

and pnnt 

Tvpewniet 

Punch 

S24 



Typevniier to 024 

Typewriter 

Punch 

826 


115-145 

Typewriter to 026 

Cardat>pe 

&S8 

B' 

195 

Accounting machme 
with cards 

Key Punch 

1057 

rn 

75 

Put of 1050 system 

Sperry. 

Rand f 

Tlpe-tiiCard 

308 

-58 



Reads 8 channel tape 


•cp» means chaiacteia pet second 


(such as “date of charge-out," which u to be punched as the same date rn every 
circulation record for a given day), the operator punches the common 
information once in the fust card of eadi group, and it is automatically punched 
into all remaming cards for the group (under control of the program card) This 
reduces the work per card, ensures consistency of common data, and mcreases 
productivity of the operator. 

“Card verifying” is simply a means of checking the accuracy of the original 
key-punching A second operator key-punches (usmg a venfier) while reading 
from the same source of data used by the first one The machine compares the 
key depressed with the hole already punched in the card A difference causes the 
machine to stop, mdicating a discrepancy between the two operations 
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Figure 11,5 Caidieadingequipment 



cpm means cards per muiute 


Soitmg u the process of grouping cards m numencal or alphabeucal 
sequence accor^g to any data pundied m them (such as call number, for 
imlance) The “sorter" provides this capability for rapidly arrangmg cards for 
the preparauon of various reports- all onginating from the same cards, but each 
requiring a different sequence or grouping of mformaUon. 











“Selecting'’ is the function of pulling from a sequence of cards those that 
lequire special attention Selection of individual cards is accomphshed auto- 
maticaEy hy either the sorter or another device called a “collator ’’ Typical 
criteria for selection ate as follows. 
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Catalog cards punched with speafic call numbers 

Circulation control cards with a specific due date 

Order cards containing a specific vendor number 

Author cards from each group of punched cards storing catalog data 

Title cards from each group of punched cards storing catalog data 

Cards out of filmg sequence 

Merging is the processor combirung two sets of punched cards into one set 
of given sequence. Both files of cards must be in the same sequence before they 
are merged This function makes possible automatic filmg of new cards into an 
existing file of cards It can also be used to check for agreement between two 
sets of cards Unmatched cards or groups of cards m either file may be selected 
or separated from the files This funcUon is therefore frequently performed in 

conjunction with selectmg 

Pnnting u the printing of information from each card as the card passes 
through the “tabulator ” The function is used to prepare reports that show 
complete detail about the contents of each card During this bating operation the 
mac^e can add, subtract, and print many combinations of totals “Croup 
pnntmg summarizes groups of cards and pnnts many combmations of totals 

Re-Entry Records One of the most effecuve answen to the problems of input 
IS e use of re-entry records”— punched cards produced as output from a 
containmg data m both prmted form and machine- 
readable form These records can communicate data to people and then, 
su Kquently, re-enter the same data into the mecharuzed system without the 
need to key-punch it They are perhaps most familiar in their use as utility bills, 
mailed to the customer with the request “Hease return this part” imprinted on 
the re-entry ^rtion. In librancs, they ate espeaally useful in circulation control 
systeim, m the form of prepunched book cards, Uansaction cards, and borrower 
cards ‘ ^ 


„ One of th, pm,op,l values of punched cards ui 

m a a processmg is the ease with which individual events— transactions— 
n e recor e on them. The data involved m a specific transaction is recorded 
in machine language, preferably as a direct result of the action itself For 
example, through a hook-up with a central data processing unit, information 
^thered at remote locations may be fed into the central imit and used to 
construct transaction records there In cuculation control, units at checkout 

Ltbrar!jrwh!Jm^v °'' « Orcuhtion Control at Public 
LitranrL Whne PUxni. New York IBM. 1959. 1960(E20-8M0 and £200077) 
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l-igurc U.6 Punch canlhaihlting equipment 


Manuficturer 

— 

z 

1 

Model 

Kale 

Piiee per 
Month (DoUati) 

Charac lenities 

IBM 

! 

Sorter 

083 



Automatic reject and 

Collator 

087 

gin 

215-270 

AlphabeUcal 

StaUstical 

Sorter 

101-) 

4S0 cpm 

500 


Tabulator 

^07 

ISOrpm 

1035 

Caleulatet and pnnts 
output 

Reproducing 

Ihinch 

S14 


70-140 

Reproduces or gang 
punches 

Card Repr> 
ducet and 
Gang Punch 

S28 


360440 


Alphabetic 

Interpreter 

5S7 

lOOrpm 



Sperry- 

Rand 

Multi- 
Control 
Reprod Punch 

310 

too epm 

NA 

Ccimpares tuo files and 
punches the second 


m 


55 

Reproducing ean be 
modified 

Collating 

Reproducer 

m 


170 

Simultaneous Punch 
and merge 

Card 

Detector 

■ 


45 

Control for indivi- 
dual columns 


H9 

mi 

125 



B 

HI 

85 

Automatic slop 
control 


cpm means cards per minute 


points would receive prepunched re-entry cards for the book Cgiving call number, 
author, and title,) and for the borrower Tlie information thus collected would 
be used to create a record of each transaction, to be processed subsequently by 
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the computer ‘ ^ * Figure 1 1 7 lists some typical transaction recording equip- 
ment, each of which uses punched cards as re-entry documents 


Figure 11.7 TnusactioQ recording equipment 


Manufacturer 

Name 

Model 

Transfer 

Rate 

Price/ 

Month 

(DoUars) 

Characteristics 

Communitype 


lOOSR 

1 200 <^s* 

232 

Punched card or 
Magnetic tape mput 

Control Data 

Data 

CoUector 

180 

16 cps 

ii5‘ : 

Accepts cards, paper 
tape, and variable 
information 

Dau Col- 

leetion 

system 

goto 

S4cp» 

so 

Requites central 
equipment 

Transactor 


60rps 

■ 

Input station for 
punched cards and 
compiler 

Message 

Data 

Switching 

SysMm 

8050 




Dasa 

Corporation 

Message 

Compiler 

TXlOO 

10 cps 

19* 


Datel 

Corporation 


Thirly-2I 

15 cps 

66* 

Transmits to computer 
and other terminals 

Demex Inc 


CRU-DS5 S 

75 cps 

160 

Punched card input 

Fnden 

CoUecta- 

data 

30 

30 cps 

70 

Requires central 
equipment, $2500/mo 

General 

Electric 

Datanet 

21 

6800 cps 

200 

Single-Une controller 

Datanet 

70 ' 

6800 cps 

200 

Multiline controller 

Datanet 

3101 

llOcps 

1 

70* 

Requires cenual 
equipment, $4000/mo 


Eldtedge, K R el 
Pro^eeJingi Eastern Joint 
pp 69-72 


1 »1 . "AutoinatK Input for Business Data Processing Systems." 
Computer Conference New York. T-92, December 10-12, 1956, 


Teleprocessing m Circulation Control at Public 
Willie PUmi. New York IBM 1959. 1960 (E20-8040 and E2(M)077) 
a '' ■ Bustneis In/orraaUon Processing." Datamc 

non 9(2) (rtbniary 1963). 54-58 
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I igute 1 i.7 leoHlinueJ) 


Manufactutcr 

Name 

Model 

Tnnsfer 

Rale 

Price/ 

Month 

(DoIUn) 

Qiaraclcnstics 

IBM 

DaU 

Collector 

3S7 

20 cps 

70* 

Requires central 
equipment 


Data 

Tians- 

Mission 

1001 

12 cps 

3U^ 

Requires central 
equipment 


Data ' 

Collector 

1030 

60 cps 

140* 

Requires central 
equipment 

NCR 1 

Transactor 

473-1 

60 cps 

80* 

Requuet central 
equipment. S20, 000/mo 

PhllCQ 1 

High Speed 
Commum- 
canons 
Processor 

PCPISO 




RCA 

Edge 

6201 

m 


Requues central 
equipment, $3S, 000/mo 

Standard 

hegistei 

Data Ray 

401 

mi 

■II 

RequiKi central 
equipment, S300Q/mo 

SDC 




HI 

Requires central 
equipment, S18,000/mo 


*cps means charactets per second 

^Monthly price ohtained by dividing given purchase pnce by SO 


Punched Tape Equipment 

There are a large number of devices that puntdi “paper tape ”” They have 
the following advantages 

1 They tend to be less expensive than other devices for data conversion 
and input 

2 They can be used to create machine language as a “by-product” of some 
other operation 

' ’ "All About Paper Tape ” DaMmolKM, May/lnne and July/August, 1959 
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3 They are relatively easy to use. 

4 There is such a wide vanety of devices that can accept paper tape as 
^ serves as a common language” for coirimunication among them 

oni V. limited by the lestnctions on format imposed by the 80 (or 

yu) character capaciUes of a punched card As a result, the variable formats 
typical of library operation can be more easily recorded 

They have the primary disadvanuge that the correction of enors is 
cumbersome. There are four approaches that can be taken to enor correction 


1 The tape can be reproduced until the erroneous data is reached, and then 
conect data can be inserted. 

“ I”<liwdual characters can be “deleted" (by being over-punched with a 
co Jt-ddet, cha„n„) and ihm followed by the cottecl dels 
™ ‘"“""I «■“ Sbbseqnently be interpieled by the 

pu er at requimg that preceding chaiacters, words, lines, or other sets of 
characters rne to be deleted and replaced by whal wdl follow 
lie. ™VL. “ lines can be idenoned by number, subsequently, if a 

number ^ ‘ib"oobon tine" will be punched with the same line 


0 thl!“elf™ “"I”""" lo Irbranans, smee it haj value for 
With the Aat ^«y therefore can be used to provide the computet 

kevDunch^no punched tape does not have the same InmUUons as th« 


aimc.-u .u f '■•juuoi oi me sudsequent processing of records. 
kevDunch^ * punched tape does not have the same InmUUons as the 
innu^t system '’•Th charactenslics directly affect design of the 

time a Lurce d *^*^*"' ^ <Jesigncd to capture source data at the same 

Sa t ZnhedtT'"* “ '’r ® «P‘o« ^oorce data as it is 

earlier cantureH H document from a pnor source document, or to use 

new tranLbed omput” *■'>' n"" “>“'0= data to produce a 

or v document, the output card or tape, and the input card 

system r ™ / ""**/«'** must aU be designed with the entire 

manctatr ^ r ** of typing 

input the 12 t functions, which must appear on the tape. For computer 

input, the tape must clearly delineate fields 

ma^e*C!imfif Punchcd-iape typewnters convert data to 

be punched m f « ’>*“8 Pap« tape (although cards can also 

PO"ch. or copy punched 
ype aid copy by manual or automatic means. The tapes can be 

n ■ m Man and Machine RelalionshipJ m UbiW 

anuauon. ^'"enc,mflocnm««a«,.,IS(3)(July 1964), 227-229 
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used for repetitive clencal tas)j> such as typing letters or maintaining invoice 
records, or as input to the computet 

The basic tape operations invohe a reader, a uriting unit, and a punch (see 
Figure 1 1 S) The reader senses a hole-or-no hole code and generates electrical 
impulses from it at a rate of about 10 characters per second Another umt is 
responsible for convertmg these impulses into a mechanical operation s^hich 
causes a Key of the wnting umt keyboard to be depressed, thus typing a hard 
copy When the keys are depressed, either by an electric impulse or manually by 
a typist, another set of electric impulses is generated These impulses can activate 
a punch that creates a punched paper tape, thus completing the cycle 

The keyboards (a sample is shown in Figure 1 1 9) come with the usual array 
of alphabetical letters, numben, and a great number of special characters The 
‘Tower case” and “upper-case” shift keys allow the typewriter to produce two 
fonts, the same character code punched on tape can therefore be interpreted as 
representing two different characters depending on the most recent shift 



Pundied iapB typewnter 
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®®®® l-^ ©@®® 


® 


HHsmmmmmmmsmil] [1® 

0®E[R][i]00mio]0n d] 

E(i)(Z 

a a[i]0(E[i]0000[i]0[a 

S " 

S" - 

m [i]a[£]0[s]00nna b 


1 W-tM. 1 



Figure 11.9 Repiesenlaiive Uyboaid 


chatacter punched If more than two fonts are needed, more elaborate coding 
schemes are ne«ssary In addition, there ate. as on a typewnter. a "carnage 
e a ta and tab stop" lever, and a "back spacer " All of these can be 
op^ e eit er automatically (by the tape or sttip-punched card) or manually 
Ihe punched area (on tape or cards) is 1 inch wide and records an 8 bit code 
A typical code system (Figure 1 1 |0) uses 4 channels for the standard BCD code 
° 6 “‘I 7 are used as "aone" bits for 

P a e ic characters, channel 8 b for carnage return, and channel 5 is used for 
pan y checking (that is, a hole b punched or not m channel 5 so that there will 
ways e an odd number of punches, if the madime senses an even number of 
punc es. wmething is virong and the operations stop)” There are also 
spraekel holes, rrhieh assure proper placement of the code for each chanctu 

for MEDURS aU of the records for ciUlrons (eorrsislmg of the jorrmaf title. 

m ■ P-E»E. ■"tomg temrr) „e,e typed by a lyp.tl 

using a nexorrmrer The manual lypmg generated a paper tape, vrhich vrat led 

ne c,.:re;r,z;<nr.s;.Ti;,^r.sr' 
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into the computer Other users of paper tape involve transmission of codes over 
teletype, duplication of catalog cards,**'"* iiuss production of “personally 
typed” letters, and even control of machine look Figure 111] lists some 
typical punched-tape typewriters 

Accounting Mac/itnes Mtth Paper Tape Attachments Several of the account- 
ing machine manufacturers have added a paper tape attachment to accounting 
machines, cash registers, window posting machines, and the liLe This allows 
them to produce integrated accounting systems that combine the usefulness of 
manual records, created by their key-operated accounting machines, with the 
processing power of the computer Figure 1 1 1 2 lists some typical devices 
Typographie Composition Machines Several machines that compose and cast 
type utilize perforated tape (See Figure 1 1 13) For example, the “Monotype” 
consists of two main components a keyboard and a caster When each key is 
struck, two perforations are made in a paper tape Hie perforated tape passes to 
the casting nuchme where compressed air. pasung thcough the perforations, 
controls the action of the casting apparatus The matrix case is moved in the 
proper direction (backward, forward, or sideways) by levers so that it is over the 
mold Molten metal is forced against (he mold to cast each letter, character, or 
space The cast characters are then assembled line by line 

The Photon also provides photocomposition throng use of a punched paper 
tape When the data is typed, control codes are mierspersed which specify the 
style and size of print, (he spacing, and detads of the format The photographic 
images of any set of 1440 characters are contained in & concentric annuli on a 
disc which IS in continuous rotation between a flashuig light and a sheet of film 
(at a speed of approximately 18(X) revolutions per rmnute) Dunngeach rotation 
of the disc, a light beam may be projected through one of the annuli on the disc. 
The image of any character on the disc thus can be reproduced for a very short 
interval during each rotation 

The Unofilm is a phototypesetting system composed of four or five different 
machines The keyboard unit is a console with a keyboard, much like the 
standard typewnter, and a perforator which punches a 15 channel paper tape, 
recording all the keyed mfoimation The Lanofihn photographic unit reads and 
decodes the punched tape and selects one of up to 18 fonts When the correct 
font IS m place, a light source exposes an entire 88 character grid A shutter 

Electronic Tape-Activated Tlpewntet Uwd for Automatic Catalog Card Pioces'ing ’ 
t-aw Library Journal, November I960, p 508 

Johnson, Noel W , ‘Automated Catalog Card Reproduction.” Library Journal. 85 (4> 
(February IS, 1960) pp 725-726 

** Luckett, George R, 'Partial Library Automation »ith the riexowntei Writing 
Machine ' iiirory Jtesouffer am/ retAmeuf Seroew, I (4) (Fall 1957) pp 207 210 

** Witty, Francis J , ‘ Flexowriter and Catalog Card Reproduction Perfect Solutions for 
Short Runs’” /Jii/ricro/Co/i;m&/at.ft>f«wr ZSOXJufy 1957). pp 24 










Figurell.il Punched Upe typewriters 


Manufacturer 

Name 

Mode) 


Price per 
Month (Dollars) 

Code 

Characteristics 

Burroughs 


454 

■ 

NA 

6 and 7 

Verifies and 
duplicates 


466 


NA 




470 

QQ 

NA 

7 


Creed 

Reperfurator 

25 

En?3 

NA 

5.6,7 



54 


NA 


Keyboard and 
page receiver 


85 


NA 



Tape 

Verifier 

90 


NA 



Dura 

Automatic 

Typewnte 

System 

MACH 

10 




Replaceable 
"golf ball” unit 
for added fonts 

Word 

Processor 

941 

■ 



Used for teat 
editing 

Word 

Processor 

1041 


127^ 


Uses typewriter 
keyboard 

Epsco 

Edityper 

200 


NA 


Single punch and 
dual reader 

Fnden 

Flexownler 

2201 


86** 


Most generally 

Flexowriter 

2302 


76* 


Can upgrade 
to 2201 

Flexownter 

2303 i 


56* 


Cannot upgrade 

Justownter 



ISO 


Automatic justi- 
fication of hard 

Precision 

Corp 


342 

BBS 

NA 



Tape Type 
Writer 

9500 


ISO 

7 

Inquiry on off- 
line system 


308 



Fisurell.il (amiinued) 




309 
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Fieutell.il (eonanued) 


Manufacturer 

Name 

Model 

M 

Price per 
Month (Dollars) 

Code 

Characteristics 

Teletype 

Reperforator 

28RT 


NA 

5 

Punches from 
telegraphic 

ASR 

37 

■ 

NA 


Automatic send- 

Underwood 

Codewntei 



NA 



Western 

Automatic 

send-iececve 

19 


78 

5 



28 

Bcg 

52 

5 




BBS 

39 

5 



^p» mews chaiteten pet second 

•Monthly pnee obUmed by dividint 8>ven potehase pnce by SO. 


systtm composed of eight shouees opetales to covet all the chatactets eacept the 

chataet^lotommSo"; -h'" P™J““ 

'•!” ‘*'™" ('■“* “ p™'*"* “p' 

llnfiirt f ^ “P^P'dity for leadaig the tapes at well as punching them 

a^dT r P™"” 'k'P 

"«ed aT'i “ ^ ™ P't ““"d. For higher 

hish a, 7mn k leaders are commonly used They provide rates as 

high 2000 characters per second Figure 1 1 14 Irsls some typieal readers 

Magnetic Tape Devices 

a com™,;!^®""r ‘"P* "P''“"“ «“ “t «" Phhcipal medui for data storage m 
eenerallv ..*^10'''’ n *ii •'“1 only recently have devices become 

L ' me tr I, P'°’’“ >"®“«“y reliable input directly onto 
rmroatl , ' ‘"P“* *”*“P 'h' compule^ ■ Furtheimore. 

e..^ S .b° 'r' .P'; «f data on a mawelic tape rt relaO.ely 

er hand, magnetic tape lypewniers are also relatively more 

'» “'■~y »epbe.l.on.-A Moied tm 



Tiguie 11.12 pun(.heil tape accouoticig machines 


Manufacturer 

Name 

Model 

Price per 
Month (Dollars) 

Chaiacienstics 

Burroughs 

Sensimatic 

PISOOPA 

I8S 




C3000PA 

2SO-3SO 

Electronic system with 
internal programming 
and memory 

Sensimatic 

E400OPA 


Electronic system with 

internal programming 
and memory 

Senumatic 

E6000PA 

600- 

Electronic system with 
internal programming 
and memory 

Clary 



NA 

Add print tape punch 
using 5'S channel codes 

Fnden 



400 

Billing machine with 
typewriter keyboard 

Paper tape read and punch 

Accounting 

Accumulator 


NA 

Ten key attachment to 
nexowiitet with uith- 
me tic capability 

NCR 

Accounting 

Machine 

B 

I2S-260 


Accounting 1 
Machine 

B 

120 

Wired for paper tape. 

3 memory units 

Accounting 

Machme 


160 

Wired for paper tape, 

6 memory units 


Hi 

4S0 

Electronic compulmg 

Paper Tape 
Recorder 

■ 

40 

Operates at Id cps, can 
be attached to tabulate 
for paper tape production 

Olivetti 

n 

■ 

NA 

Accounting machme with 
simultaneous posting and 
calculating 

HHH 


NA 

1 Special typewriter 
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Manufacturer 

Name 

Model 

Price per 
Month (Dollars) 

Characteristics 

Clary 

Print-Punch 

Adding 

Machmg 


7S 

Operates at 20 cps 

Operates at 20 cps 

IBM : 

Electroruc 

Typing 

Calculator 

I 

I7S-395 

IBM electric typeuTiter 
connected lo calculator 

Monroe 



14S-23S 

Operates at 20 cps 

S-8 channel tape 


FiguR 1 1.13 Punched tape composition equipment 






Q 






NA 




Fairchild 

Photo-Text 

Setter 

2000 

NA 

20 cps 

216c 

Su level 
tape 

Photo-Text 

Setter 

8000 


30- 

60 cps 

576 c 
576 c 


Mergcn thaler 

Lmonim 


370* 

18Scps 

1584 c 

Fifteen 
level tape 

Lsnofilm 

C01^28 

NA 

lOJcps 

2464 c 

Fifteen or 
sixteen 
level Upe 

Lmonim 

Quicli 

NA 

10 5cps 

736 c 

Slx level 
Cape 

Monotype 

Monophoto 

Mark HI 
and IV 

NA 

4 cps 

272 c 

Thuty-one 
level tape 
used for 
science & 
math work 

a . . 





cpt means characters per second 
means characters 


Monthly price obtained by dividBtg givers purchase prKe by JO 
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Figure III) {continued) 


Manufacturer 

10 

0 

Fnce per 
Month (Dollars) 

Kate 

Font 

Range 

Comments 

Pho Ion 



NA 

10 cps 

1440 c 

Six level 

pule/ con- 
CroUed 




NA 

to cpi 

1440c 

tight level 
tape com- 
puter con- 
trolled 


UiMtUI' 

w 

NA 

7 cpi 

1440 c 


Filraotype 



NA 

S cps 

168 e 

6 level tape 

AT? 

iSUi 

20 

NA 

Bsa 


6 level tape 

Berthold 

ililWIS 


NA 




Intertype 

bLuMk 


NA 

10 cps 

2400 e 1 


Photon 


BOSEH 

NA 

IQQI 



Photon 



NA 




Paitkhild 

Photext' 

Setter 

2000 

NA 

H. 

Hi 



expensive Figure 1115 lists some typical magnetic tape type^Aiiters and input 
devices 


Optica] Character Recognition 

Since so much of the data of interest to libranes already exists in printed 
form. It is natural to look to the use of equipment that could convert it to 
machine language directly Robert A Wilson comments, ‘The most obvious and 
most immediate function of optical leadmg machines is to provide a new and 
very fast way of converting prmted pages mto computer language, freeing us 
from the constraints imposed by present key stroking methods But there is 
much more to the story than this DiscipLnes whose literature has heretofore 
been considered too bulky to be processed by computer because of the expense 
of keypunching the source documents will be able for the first time to utilize the 
machmes to their benefit, openmg up entire new areas of historical, literary, and 
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Figuie 11 IS Magnetic tape typeunters 



Imguatic research The diffuse matciub of economics, political science. 
s«iology, psychology, and the other soaal sciences can be more effecuvely 
brought to bear on the solving of modem problems Tlie literature of medicine. 
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the law enpnceiing. and science can be made mote amenable to research than 
ever before 

The purpose of "opilcat character recognition" (OCR) is to convert 
alpha numeric characters or symbols directly into machine readable code, the 
output being in the form of punclted cards, punched paper tape, magnetic tape, 
or signals representing digitalized data for on-bne input to a computer The basic 
problem that the engineers had to solve in developing equipment for OCR was, 
of course, the multiplicity of fonts in which pnnted data occurs As the number 
of characters that must be discnimnatcd increases, different characters 
Will be sufficiently similar to be confused, and the equipment will produce an 
increasingly high error rate (that is. percentage of erroneous conversions) One 
approach to solution of the problem lepicsenled by multiple fonts is to restrict 
the characters to a set that can easily be discriminated Figure 11 16 shows 
several standard fonts designed specifically for reading by OCR equipment 

Optical character readers consist of three basic functional units (1) 
document transport, (2) scanner, and (3) recognition unit Feidelman o^ers the 
following block diagram of a character reader (Figure 11 17)*’ 

The function of the document transport is to move each document to the 
reading station, position it properly, and move it into an "out" hopper 
Transport mechanisms can be divided into two basic types, one for handhng 
individual documents (paper sheets or cards) and the other for handling 
continuous rolls (cash register or adding machine tapes) 

The function of the scanner is to convert the alpha-numeric characters, 
symbols, codes, or macks on a document into analog or digital electronic signals 
that can be analyzed by the recognition unit Scanning techniques include 
mechanical disc scanners (as employed in the pioneer Farrington machines) or 
flying spot scanners, image disseaors, and TV pickup tubes Optical scanning 
involves projecting an image of the character by reflected light to a lens system 
The optical system sharpens the image and transmits it on through two 
intersecting slits to a photomultiplier (a lube capable of converting light patterns 
into electrical signals) Since the white parts of the image reflect more light than 
the black portions of the image, the photomultiplier essentially receives a 
continuous stream of "spots of light " Theoretically, if the combmalion of spots 
of bght for the image of each diaracter is diReient, the converted electrical 
signals will be different These dilTeiences are the basis of the ability to 
discriminate between characters 

The character recognition umt accepts the signals from the scanner and 
compares them with a "signal library ” This is a reference store and set of rules 


^'’Wilson Koben \ , Optical Page ReoauigDcnres NewYoik Remhold, 1966 
” Feidelman. Lawrence A , "A Surrey of the Cbaiacter Recognition Field,” Datama- 
tion.12 (1) (Fetrvaiy 1966), pp 45-S0.S2 
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Figuie 11.16 Fonts for optical chaiacKf 
secoiniLon (a) ASA standaid chaiactet set 
for (^tical chuicter recognition (b) NCR 
optical type font (c) Fauington 7B type 
fonL(d) Famngton 12Ltype font. 
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|iH3'-t5bl8=10EP 

let 


iQi23^l-5b?SSABCDE 
FGHIJKLiYiNOPQRST: 
UVWXY2=tii' V+“C^: 
i J V S 

(d> 


ptoviding well-deiined recognition entem by which to deade which letter or 
character a given signal represents Three methods are presently used for making 
this comparison 

1 Exact H/arrh— requiring an absolute match with all or part of the character 
in the store 

2 Best Fit-i utuque identiHcatJon of the character but not necessarily 
absolute 

3 TTireslioW'Which allows for an acceptable degree of match between the 
character and the Store. 

As might be expected, the Exact Match method is very accurate but will 
reject many characters as unidentifiable The Threshold method is least accurate 
and may produce a high rate of ambiguous identification 

Probably the most comprehensive and recent research on optical character 
recognition m its application to libraries is An Optical Giaracrrr Recognition 
Research and Demonstration Project (1968). undertaken by the Los Angeles 
County Public Library System under the sponsorship of the Council on Library 
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Control Signals 

Dau Flow , 

Phyueal Flow 

Figun 11.17 OiaracUi leadei t>lock diagian) 

^soutcM, Inc** The Los Angeles County Public Lbraiy, a leader in the 
development of automated book catalogs, is cunently designing and implement- 
ing a computerized book catalog production system with optical character 
recognition as the input method 

A -Character Reader Comparison Chart” drawn up by Feidelman m 1966 . 
summarizes the significant charactensiics of representative optical and magnetic 
^aracter readers m terms of the Cype of document feed and transport unit, 
ocumenl size, document speed (documents/minute), types of scanners and 
recognition units, type font, character set. and potenUal reading speed (the 
actu spec is dependent on the sue and number of documents being read)*® 
igure 11 18 presents some of the relevant data, from his summary, augmented 
from other sources ' 


On-line Input 

The abUity of the computer to commumcate daectly with a vanety of 
^npheral deviMs has led to an increasing use of “on-line” typewriters, 
terminals, consoles, transaction recorders, and other means of direct input to the 

rnnnVft OlflAJCff/- RtcogntiKm Retemk tad Demonstranon Project L05 AngeleJ 

Counly Public Library System. June I. 1968 

” Feidelman, op cil 

nr.r^ Ralph, et aL Optical Scoivung for the Business Man. New York Hobbs, 

Uonnan, and Company 1966 












Figure 11.18 {continued) 


Manufacturer 


Model 

Rate 

Price per 
Month 
(Dollars) 

Characteristics 

IBM 

Page Reader 


BBWl 


Reads USASCSOCR 





■ms 

Reads IBM 407 



Q 

dOOeps 

3100- 

3475 

Reads IBM 1428 

NCR 

Optical Char- 
acter Reader 



1900- 

Reads into computer 
and offline 

Optical 

Scanning 

Optical 

Scanner 

B 



Reads check sue 
documents 


Digitek 

i™ 



Reads alphanumeric 


Digitek 

B 


m 

Scanner part of 
system 




■ I'-'i-ie 

i^H 

1 Reads ASA 

Philco 

Pnni Reader 


m 


Reads multiple fonts 


Print Reader 




Reads multiple fonts 

Rabinow 

RUR 


■EE9 

— 

Reads numcnc 


Document 

Reader 


m 


Reads 3 alphabetic 
fonts 

RCA 



m 


Reads RCAN-2 


Videoscan 



kh 

Reads RCAN-2 

Equipment 

Page Reader 

B 

iig 

iB 

Reads multiple fonts 

Speriy- 

Rand 

Optical 

Scan 

Punch 


■ 




•cp$ mcani thuacters per seconJ 
Pnce per month obtained by dividing purchase price by 50 
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computer In this manner of operation, the peiiphera) equipment provides a 
means for both input to the computet and output from it, so that a kind of 
“dialogue" or "man-machine” communication can be carried on 

The Significant advantages of on-hne operation are (1) the speed of response 
of the computer system to the input data, (2) the processing which the 
computer can do to aid the communicauon proccss(fot example, by presenting 
the operator with preestabhshed formats to be filled in or with questions to be 
answered), and (3) the processing that the computer can do to check the data as 
It IS input for consistency, accuracy, and reliability ” 

On the other hand, on-line operation has some drawbacks First, the 
equipment (including the terminal themselves, the associated buffers and 
controls, the communication lines, and the dedicated comnutment of on-line 
computer time) tends to be significantly more expensive than typewriters and 
key-punches, and the saving in the tune of the personnel is unlikely to 
compensate for the added costs Second, if for some reason communication with 
the computer is lost, the process of input is likely to be lost as well (This second 
consideration is so significant that most on-line systems must provide a facility 
for alternative use-a "backup" computer, a separate manual procedure, or 
some other means for continuing data acquisition ) Third, on-line operation 
requires a computer large enough and fast enough to monitor and control the 
number of terminal devices which may be operative at any one time Such a 
facility actually may be larger than is wananted by the processing tasks 
themselves Fourth, the complexity of the input operation and related computer 
processing is controlled, on the one hand, by the “software" with which the 
computer is provided and, on the other hand, by the number of peripheral 
devices that must be handled at the same time Tbs means that, although in 
pnncipal on-line operation can provide very sopbsUcaied means of man-maebne 
communication, it is likely to be bnuted to the most simple processes of data 
input (Figure 10 14 listed some typical software systems for on line input ) 

The kinds of terminal equipment that can be used in an on-line system vary 
from typewriters to "cathode ray tube” consoles (discussed m detail in the next 
section) Among them ate the devices listed in Figure 117, designed for 
transaction recording Others, listed in Figure 1 1 19, operate like normal electric 
typewriters 

displays 

“Cathode ray tube” (CRT) disidays are visual communication terrmnals 
designed for those applications that require direct interaction between a 

* ' Damerau, Tred J , “A Technique for Computer Detection and Correction of Spelling 
Enors,” Commun, canons of the ACM. 7 (3) (March 1964), pp 1 ?1-176 



Figure II 19 On line termmali 
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ii£orcll.l9 iajnlinuan 


j 

Manufacturer | 


i 

Model ! 

! 

Kale ! 

Price pci 
Month 
(Hollars) 

Chatacteiisucr 

Teletype ' 


13 ' 


1^ 




15 


■■ 




12 


■SI 

Upper and lower ease 

Western 

Telex 



■ 

Sends typed messase 
after station is 

Mathetronics | 

PKB 

Keyboard 

1 

1 

■ 


1 


‘cpi mcani chu«ctcts per second 

'Monthly price obtained by dividtnfpiven purchase price by 50 


computer and a person * * Information generated by the person is displayed 

prior to ttansnussion to the computer so that he can make any changes that may 
be needed Data transmitted from the computer is displayed to the operator 
icnmediatety 

There ate two major categories of CRT displays alpha-numeric and graphic 
Alpha numeric displays show only a preestabli^ed set of characters, usually 
limited to a single font and usually on predetermined lines They are therefore 
comparable to upper-case fypewnters, diffenag numJy in the speed of 
communication with a computet The characiets arc generated on the face of the 
CRT by transmission of a stream of electrons (Figure II 20) Inside the tube, in 
front of the election gun, is a small circular metalhc mask The mask has tiny 
holes in it shaped as the letters, numbers, and symbols to be displayed The 
matrix on the mask acts like a stencil and allows only a tiny beam of elections to 
pass through in the form of the character desired Any of these characters can be 
projected to any one of a set of posilions on the phosphor screen at the front of 
the tube (For example, a usual display wiQ provide positions for 64 lines with 
up to 132 characters per line ) The infotmabon from the computer tells the tube 
to which letter the beam should be dnected on the matrix and then where the 
formed beam should go on the screen This beam striking the phosphor screen 
causes an area of the same shape to glow making that letter visible from the 

Luxenbeig, Harold R , ed • Display SfStemt New York' McGraw Kill, 1968 

Davis, Samuel. Computer Data Displays Englewood Oiffs. New Jersey Prentice-Hall, 

1969 
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CHARACTRON* SHAPED BEAM TUBE 



Figure 1 1 20 Cathode lay tube chaiacter generation 


front of the tube The number of different characters is limited in part by the 
size of the matrix, with a toul of about 200 separate symbols being maximum at 
this lime ° 

Graphic displays, on the other hand, can present line drav-ings, curves, and 
other graphic information as well as alpha-numeric mformation Desired data is 
generated m the CRT by tracing lU ouUme with a stream of electrons In this 
way, virtually any shape and form can be generated, including multiple fonts of 
dph^urnenc characters (Figure II 21). IruUally. such graphic displays were 
developed for use in miLtary conunand and control. Now. mainly because of the 
work of Dr Ivan Sutherland on “Sketchpad” m the early 1960’s, their use is 
growing rapidly They are being used m engmeenng design, m simulation, 
in computer-aided mstruction, and in graphic arts composition Research is under 
v.ay on their use in medical research, m pattern recogmUon, and in computer 
produced motion pictures. 

For bbtary appbcaUons. CRT displays have roles both as communication 
devices and as prmtmg devices Figyre 1 1 22 gives a list of typical display units 
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COMMUNICATION 

?ujlA*caL«m. 

ECONOMY 

VERSATiUTY 

(Quality 


Standardizalion 

......... 

Tpaixua 


^pi-dp.o<; 

rpatJiMKa 

C/10>KH0CTb 

OoHeTHKa 



Mil 

\ 

\ 

Inclination 

AEHIKON 

INCLINATION 

Arl 

SsQ 

(Dusir 

Meltoroiopy 

SStffenfcfiaft 

Astronomy 

CHEMISTRY 

Elect'-omcs 

MATHEMATICS 


Fi^ie 11.21 Chaiacterifenenled tqr Ute Slfomberg Data Ciaphic SC 4060 

Direct input of data to (he computei can be accomplished more easily, more 
rapidly, and probably more accurately with a CRT display than with any other 
input device. The speed of input i$ bmited only by that of the operator and not 
by any mechanical equipment The computei can check data for consistency, 
validity, and accuracy and can indicate immediately if there are any discrep- 

Piguie 1 1 23 IS a schematic of the structure of an average display system As 
It shows, the display unit includes a keyboard (for data entry by the operator), a 
memory or buffer in which the data to be displayed « held (whether input by 
the operator or transmitted by the computei), and the display itself 



Figure 11.22 CRTdi^Uyequipment 




Hpiie 11.22 {coniinuedi 


Manufacturer 

Name 


Infoirnalion 

IDllOM 


Dispby Inc 

CM 


IBM 

Visual Display 

1015 I 


Visual Display 



Visual Display 



Visual Display 


Pbilco 

Color Display 

1 1 


Alphanumeric 

■aa 



Raytheon DIOS 



‘Derived Tiom dividing purchase price by SO 
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Figure 11.24 {coniinueif) 


Pnce per 
Month 
(Dollars) 


Card and paper output 


Mohaw). 

Data 

Sciences 


120 characters per 


120 chuacteti per 


132 characters per 


160 characters per 


120 characters per 


132 characters per 

line, part of 9400 


Ipm means lines per minute 

System prices are given for sU Computet Industr 
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Unfortunately, the typographic quality of the output from computer printers 
IS unsatisfactory for any large scale dislnbulion such as a booh catalog would 
imply The computer Held has therefore continually searched for output printing 
equipment with graphic arts quality Tlie cathode-ray tube d]splay has provided 
a mote than adequate answer, and today there are a number of devices for 
compuier-controUed photocomposition that will pnnt in rrtultiple fonts 
(although photocomposition, as the general process of placing type images on 
photographic film or paper, dates from the l9S0’s when experimentation began 
With photocomposing machines unaided by computers) * * 

The following elements arecom/noo to CRT photocomposing machines 

1 A matrix of characters in negative form (the template in the CRT) 

2 A light source (the beam of electrons) 

3 A lens or optical system 

4 A magaame or other container for photographic film or paper 

5 A method for identifying the character to be exposed (the coded data 
stored in the computer or on magnetic tape) 

6 A method fot moving the film or paper after each line has been exposed 

7 A method for positioning the character honzoniaUy and vertically (the 
control being provided by codes from the computer or on magnetic tape) 

It has been estimated that there are today over 400 installations of 
computei'ControlJcd photocomposition equipment in the United Stales ^ * As a 
result, this method is now becoming increasingly important m publication of 
books, newspapers, and journals But it also has significance to mechaniza- 
tion m libraries 


* Atkinson, Frank. ‘‘Cold Componlion on Film or Paper,” Mustn/ian Lithographer. 

February 1968 

Kuney Joseph, "Publication and DisInbuUon of Infonnation'', Cailot A Cuadia 
(ed) m Annual Renew of Infomulion Science end Technology 3. Chicago Encyclopaedia 
Bntanmca.Inc 1968. pp 31-59 

Duncan John, "Advanced Computer Pimling System," Penrose Annual. 59 (1966), 
PP 258-26) 

Gardner, Arthur E , "Economics of Automated Printing,” in Lowell H Hatteiy and 
George F Bush (eds ), Automation and Electronics in Publishing Washington, D C 
Spartan, 1965, pp 123-127 

® Hattery, Lowell H , "Computers, Typesetting. Pnnbrig, and Pubhshing,” m Computer 
iearbook and Directory Detroit, Miebigan American Data Processing Inc, 1966 pp 
196-206 

Kuney, J H , et al, "Computer-Aided Typesetting for the Journal of Chemical 
^documentation," JbumafoJ'OiemK'Jl’DociHnoifiiiion. iS(fe6iuary 1966), pp 1-1 

Markus, John, "State of the An ofCoiiipnttrsiiiCommercialI*ubLshing,”/4merican 
Piocumentaxion. 17 (April 1966), pp 76 88 

‘Newspaper Production A New Approacb." Data Processing 7 (November/ 
December 1965), pp 325-330 
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“Libraries and information centers are studying computer-aided type- 
setting”, wntes Barbara Matkuson ** She points to the Deutsche Bibliothek, the 
National Library of Medicine, and the NASA Documentation, Inc facility, all of 
ifthich use computer-controlled photocomposition devices For example, the 
prototype version of the Hioton 900 AIP, called GRACE (Graphic Arts 
Composing Equipment), was purchased fromHioton by the National Library of 
Medicine when MEDLARS (Medical Literature Analysis and Retrieval System) 
went into operation in early 1965.** 

There have also been a number of projects to use computer controlled 
photocomposition equipment for ptintmg of even more complex forms of data 
than multifont text For example, both nuthematical equations and chemical 
formulae mvolve nearly pictorial ntuges, the American Mathematical Society 
and the Chemical Abstracts Service have each had active development programs 
underway for several years *•*** 

Figure 1 1 25 lists some typical photocomposition equipment for computer 
output printing 


ANALYSIS OF COSTS 

Determining the cost of converting library source data to machme-readable 
form by alternative methods is a laborious task It is futile to discuss the merits 
and costs of alternative data collection methods without relating them to the 
specific areas of application (that is. cataloging, ordering, and the like), the 
specific requirements (for instance, character set, size of record, and organiza- 
tion of records), the actual range of allematives that maybe considered, and the 


■* ’ Sum Michicl M . "A Look al Type&cltmt Computeu,” The DI/AN Font Magazine. 
l(Juncl9S2),p 2 

Berut. La»rence II . et at , ‘Output Pnntmg for Library MechanBiUon.” m Barbara 
E MiiLuson(ei) )Li6raM«anJ/lBro»7ialKwi. Ubtaiy of Congreu, 1964, pp 155-200 
** Maiku«>n. Barbara, "Aulomatioa in Ubianeaand Informauon Centers.” in Carlos A 
CuaJta (ed ) Annuel Renew of Infotmalton Semite and Techno/oity. VoL 2 New York 
Viiky. 1967.P 278 

3722* Library Acquues CRACfc.” Library Journal 89 (Scplember 1, 1964). p 

Detelopmenl of Computer AiJz for Tape Control of Photocomposmg Machmet 
<l-mat Kcpoit on NSE Giant CN-S33) Kovalence. Rhode Island American Mathematical 
Society January 1969 

Davenport, William C , and John T DKkman, "Computer Based Composition al 
^*225^ ''*’‘‘**'^** Service." Jaimal Chemical Documentation. 6 (November 1966). pp 

I tUman. A . "A froposej Improvement in the Printing of Chemical Slructurci which 
Resulu in iheii Complete Compule* Codec American Documentation. IS (3) (July 1964). 
pp 205-209 
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Figure 1 1 25 {cwilt/iued) 



Name 

|M| 


H 


Characteristics 


Micromation 


■ 


I92S 

Magnetic tape 
|to miciofilm 
, output 


Document 

Records 

■ 

m 


NA 

16 oi 35 mm 
;film output 


Document 

Records 


m 


■■ 



FotoUst 

90 


m 


Card actuated 



m 

1^1 


1 1 



*c means chuactett 

^cpi means characters pet second 

‘Monthly price ohuined 6y dnsdinf given puicha'epnsehy 50 


quantity of data to be converted. Therefore, rather than present general 
conclusions concerning the costs of various data-conversion methods, the 
following hypothetical case study illustrates an approach that might be taken (It 
was adapted from the study made by the Los Angeles County Public Library 

Case Study 

Consider a large public library system which desires to convert Us present 
catalog to a computer produced book catalog A major cost would be the huge 
one-tune data conversion Alternative methods must be considered 

Suppose that the size of the data file to be converted is 300,000 title records 
(averaging 4S0 characters each but with some as large as 2500 characters) They 
contain 20 possible types of Held, many of variable length. Some fields, such as 
subject, may be repeated The input character set to be used by the library 
consists of upper- and lower-case alpha-numenc and 18 symbols (such as 
punctuation) Although the library includes foreign material, diacritical marks 
can be removed and only the Roman alphabet is to be used 

Twt basic alVtsnaVivesfOT data convtision nught be considered 
1 Key-punching (punched cards), proollisting (by a service bureau). 

An Opiual Character Recogniiian Kestvdi tnJ Demonstration frojecl. Los Angeles 
County Public Library System. June 1. 1968 
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proofreading the lists, repunching corrections, and converting of cards to 
magnetic tape (by a service bureau) 

2 Perforating punched tape, proofreading the typed sheets, perforating 
punched tapes for corrections, and converting the paper tape to magnetic tape 
(by a service bureau) 

3 Typing onto magnetic tape, prooflisling (by a service bureau), proof- 
reading the lists, typing corrections onto magnetic tape, and converting to 
computer processible magnetic tape (by a service bureau) 

4 Typing at on-line typewnlei terminals, prooflisting (by the service 
bureau), proofreading the lists, and retyping conections at terminals. 

5 Typing on electric lypeunteis with fonts specially designed for OCR, 
manually proofreading the typewritten sheets, retyping corrections, and optical 
scanning of sheets (by a service bureau) onto magnetic tape. 

Figure 1 1 26 represents a worksheet that summarizes costs of (he five 
alternatives, based on the equations and nominal values given in Figure 1 1 27 . 
(This analysis by Los Angeles County led (hem to choose optical chatacter 
reading of specially typed sheets, that is. alternative S, as their means of 
conversion ) 


Figure 1 1 26 Rcpicsenutive cost snaJysii (doUan) 


Item 

Key-pucKh 

Paper 

Tape 

Magnetic 

Tape 

On-Line 

OCR 

Personnel 

Keying 

Flooring 

6,000 

1J90 

5.S7S 

1.590 

S,S7S 

1.390 

6,000 

1,390 

4,620 

1,390 

Equipment 

1.030 

975 

1,170 

16,100 

300 

Computer Lsimg 

Media conversion 

>.030 

250 

1.030 

723 

1,030 

723 

1.030 

2,887 

Space, utilities and 
otflee furniture 

372 

351 

331 

372 

331 

Forms and Supplies 

430 

197 

467 

138 

136 

Monthy cost 

10.762 

10.463 

10,928 

25,230 

9.864 

Cost of conversion of 
300,000 entries 

238.288 

231.112 

262.272 

606,000 

236,736 


'This assumes that alt methods could utilize the tame original source data (3 x S card) In 
piactice, an mput worksheet might benecessaiy for all except the OCR method This could 
amount to a sizeable cost Also it it possibk that key-punch operators are not as readily 
avaiUble as typists 






Figure 11.27 Equations aod nominal values foi cost estimation 

PERSONNEL COSTS 
Keytn$ 

1. (Entnes/month x chaiacleis/entiy + 5% (enois leLeyed)) = chaiactets/month keyed 

2 (Chaiacteis/month keyed) — (keying speed x work hours x work days) “keying 
personnel + h person (supervisor) required 

3 (Keymg personnel x cost/monih) + diilerential for supervisor “ keymg cost/month 
Proofing 

4. (Entries x characters/entry) + (errors reproofed) = chaiacteis/month proofed 

5 Characteis/month proofed— (prooTine speedxwotk hoursxwork days) = proofing 
personnel + H person (supervisor) required 

6 (Proofing personnel x cost/month) -l- difference for supervisor “ proofing cost/month 
Equtpmtnt 

7 Number of keying personnel x cost/niachine“ equipment keying cost/month 
Service 

8 Records/month x 1 OS ■ records listed 

9 Records listed x cost/tecotd ■ listing cost 

10 Entiies/month x medu conversion cosi/entty “ media conversion cosl/month 
Space tie 

1 1 Persons x space cosi/petson ■ space cost/month 
Formi end Supplies 

12 (Forms/entry x entnes/monih) ♦ (15% x cost/month) • forms cost/month 

lUUO 

13 Persons x supply cost/person ■ supply cost/month 

FORMULAS FOR WORKSHEET COMPUTATIONS 


Item Average Co»/Afonlh 

Personnel 

Key punch or machine operator S42S 00 

Key punch or machine operator supervisor 48S 00 

Typist clerk 385 00 

Typist clerk supemsoi 435 00 

F/)uipment (Including Maintenance) 

Key-punch 75 OO 

Paper tape l)pewniet 75 00 

Magnetic tape writer 90 00 

Flectric pinfeed typewnleis 25 00 

On-bne keyboard * computer tune. 



Computer Usting-IOO Ipm upper/lowct 

case printer 08/entiy 
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Service fconltnuet/J 

Media conversion 700 cpm to tape 

Media conveislon -tnagnclic (ape wntcr 
to computer tape 

Media conversion paper tape (o itsagneUe 

OCR to magnetic tape 

02/<ntiy 

OS/entry 

05/entry 

22/entry 

Space. Utilliies 

orriLC futniiure 

20J0/monlh/person 

1 ormi and Supplies 

Tabulator cards 

2 00/m 

Typcvitilcr sheets (8V6 a II pmfeed) 

8 00/m 

Peifotatcd typewriter sheets * tape 

12 00/m 

Magnetic tape 

30 00/m entries 

MisccUaneout supplies 

1 00/month/person 

Other f aetors 

Typing speed (library data) 

4,250 chark/hr 

Keypunching speed (library da(a> 

3,600 thus /hr 

Tape wtiling or petforating 

3.650 thus /hr 

On-Line ()ping 

3,600 thus /hr 

l*toor Reading 

13,5 00 thus /hi 

Average work houts/pccson/day 

6 

Average work days/(non(h/petson 

20 

kn(rics to be ptcpared/monih 

12,500 

Rckeytng-typmg.ete of errors 

5% of original number 

found In proofing 

keystrokes 

Characters/entry (average) 

450 

Supervisor tune spent in data preparation 

50% 


Notes 

1 Personnel cost does not include fiioge benellts 

2 Typewriter rental of S2S OO/month is for IBM pin feed aelcctiics 

3 Computer listing and card to tape Lonireision usumet an IBM 360/30 configuration 
with I403N1 printer ate average and setup u assumed in speeds indicated 

4 Space utilities and ofHce furniture coat/person/month was calculated as follows 

eOsqft/pcrson® 25/ft» S1500 

Utilities/person- 2 00 

Office furniture (cost of chair, desk, 3 50 

or file cabinet, etc . amortized over 
five years) 

S20 50 

5 Miscellaneous suppUes/person includes ribbons, nnting tools, correction materials, etc 
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Suggested Reading 

Among the referencej in the chapter, there are two that provide especially 
good coverage of the major issues' 

Cuadra, Carlos A , Annual Review of Information Science and Technology, 
Vol 1 and Vol 2, New York* Wtley, 1966 and 1967, Vol 3, Vol 4, and 
Voi S, Chicago Encyclopedia Brittacuca, 1968, 1969, and 1970 
Luxenberg, Harold R, (ed ),OupIliyiS)’«e«i New York McGraw Hill, 1968 



Chapter 12 

STORAGE OF DATA 


DaU mu:t be $toted in a form lhal u easily and rapidly accessible to the 
data-proce»mg equipment that will operate on it. In manual systems, data are 
stored as typed or printed information on cards and pages. Dut, although these 
printed forms of data storage may be very suitable for manual systems, they are 
space consuming and generally unsuitable for mechanized handling 

A crucial contribution to the entire effort to mechanize Lbrary operations 
has, therefore, been the development of new storage media and new methods for 
recording digital data and document images Some of these developments have 
been among the most spectacular technological advances m modem engineering 
Some have been prosaic improvements in existing methods The results, in any 
event, have provided a great variety of methods for storing all forms of data at 
high density and with rapid mechanical accessibility In particular, the great mass 
of data that the computer must analyze can be readily available for processing or 
for display and output 

In this chapter, we describe the developments in data storage in order to 
provide a picture of the many available methods and to illustrate the entena 
significant in the evaluation of them In each case, the method involves a storage 
medium, a means of recording coded or image information on it, and an 
associated set of equipment The equipment to be considered has been grouped 
as follows 

1 Equipment for Manual Sttmige 

Printed pages 
Edge notched cards 
Punched cards 
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2 Equipment for Magnetic Ston^ 

Magnetic tapes 
Magnebc drums 
Magnetic disks 
Magnetic stnps 

3. Equipment for Photographic Storage 

Microdlm and cartndge film 
MicioCche and other photographic cards 
Photographic stnps 


CRITERIA FOR EVALUATION 

Before considering these individual means of data storage m detail, however, 
it IS important to discuss in general terms the criteru significant in evaluation of 
them. Basically, there are five relevant issues (1) the physical nature of the 
storage medium and its handling and filmg equipment, (2) qualitaUve char- 
acteristics of the means for recording (ease of diange of stored data, capability 
for storage of images, and the like), (3) quanutauve charactenstics (data 
capacities, access times, and data transfer rates), (4) methods for file 
organization; and (5) costs 


Physical Nature of Storage Medium 

Storage media come ui a vaiiety of shapes and sizes, they use a variety of 
methods of recording, they differ in their inherent capacity for data storage, and 
they react ihlferently to ennronnieat and use Wien the physical nature of the 
storage medium is important m its evaluation, we shall discuss the effects. 


Qualitative Nature 

Some storage media are essentially "read only,” providing htUe or no 
capabQity to change data once it has been recorded, other media are easily 
changeable Some media record images, others, only digital data Some media 
provide capability only for sequential access to the data recorded on them, 
olhen aSoff for duect access, mthoat scamung over xmwanted data. Each of 
these qualitative differences affects the ways in which storage media will be 
used, and we shall therefore considei then influence on the usage of eadi 
medium discussed 
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Quanlitaine Characlemiics 

The quantitative chaiacterutics of atoiafe tnedia aie both the easiett to define 
and the most useful for comparative evaluation 

Data capacity is simply the number of images (for image storage) or 
characters (for digital storage) that can be recorded on the medium Qasially, it 
IS determined by the size of the medium and the density of recording, but it is 
greatly affected by the methods used for file organization For this reason, as 
discussed below, we shall pay especial attention to the effects of file 
organization on data capacity. 

Accesi lime is simply the time required by the handling equipment to get to 
the position to read specific data desited. wherever it may be located It is 
usually expressed as an average, under the assumption that desired data is 
located randomly in the file, if requests are batched and sequenced in file order, 
of course, the access time will usually be much less. Tlus means that the effects 
of file organization are again important 

Data tranifer rale is simply the maximum rate at which data can be 
transferred from the storage medium to the computer. It is usually expressed in 
terms of the “number of characters per second.'* It must be recognized, 
however, that this maximum rate can be a deceptive figure, since the effective 
reading rate will also be greatly affected by the file organization 

To provide a basis for rough comparison of these quantitative charactenstics 
across the variety of storage media, it is useful to choose a standard file as a unit 
of measure A four-drawer Hie cabinet will usually store about 10,000 
type-wntten 8^x11 inch pieces of paper in a space of 1 0 cubic feet This is a 
file of about IS million characters, and it will be used as the standard file of 
comparison. 

Methods of File Organization 

Because of the great effect of file organization on the quantitative 
characteristics of storage media, it is useful to renew some of the considerations 
relevant to it 

File Sequencing A file of records may be placed in random sequence. It must 
then be searched sequentially each time a record is needed. As the quantity of 
matenat increases, therefore, one is forced either to establish some kind of 
preferred filing sequence or to develop mdexes that describe where desired items 
are to be found, and usually one does both Typically, for example, one field of 
each record will be regarded as the sort field— the “identifier'' for purposes of 
file sequencing Alternatively, the Gle could be sequenced m order of actmty, 
with frequently used items located so as to be more accessible In discussing each 
of the storage media, the methods for sorting mto file sequence will be 
considered, and estimates will be made of the tune required for each method 
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Indexing Several storage media provide capability for addressed, direct access 
to individual physical records To take advantage of this capability, indexes must 
be established and used to determine the address at which a desired record is 
stored The structure of these indexes consututes a separate problem in file 
organization The effects of different kinds of indexes vary so widely that no 
general prmciples can be defined However, allhou^ no specific comments can 
be made about the relation between udexmg and “duect access times,” it 
probably represents the most important problem in file organization. 

Record Blocking Rarely arc “logical records” of the same size as physical 
records Sometimes they are larger and must be stored in several physical 
records (For example, catalog records are usually much longer than a punched 
card and must be stored in several of them ) In other cases, they are shorter than 
the physical record, and several logical records must be stored in a “block,’ 
which will be recorded and read as a complete group Where record blocking has 
a sigmficant effect on quantitative charactenstics, it will be discussed 

Costs 

The costs associated with data storage can be categorized into four groups 
(1) costs to store the file (.that is, the cost of the storage medium itself and of 
the processing required to record the data m the file), (2) costs to maintain the 
file {the cost of sortmg transacuons and processing them against the flic), (3) 
costs to have the file available for direct access, and (4) the costs to process a 
request against the file (the cost of processing and search time allocable to a 
search request) For each kmd of storage medium, estimates will be provided for 
each of these costs 

Figure of Ment 

It IS frequently convenient to establish a “figure of ment” by which to obtain 
a gross evaluation of the combined elTects of the quantitative entena One figure 
of ment that is appropriate to storage media is ^/CT— where N is the capacity 
(m bits) of the storage unit, C »s its cost (m dollars per month), and T is the 
average access time (under a given file orgaruzation and processing system) ‘ 

Summary 

Figures 121 to 123 piovide a sumaazy of these eeneral clutactensUcs loi 
each kind of storage medium. Subsequent sections will rhscuss each of them 

* Becler.Ioscph a/id R M lltyti.liifonnaiioii Stonge end RiinetaL Tools Elements, 
Theonei Xe* York* John Wiley. 196J. Chapter IS 


I fguio |2 I Summary ofcmcralchiiacteriitkaof niei 


MeJium 

General Lvaluanon 
anJ*I lends 

Physical Nature 

lYinled page* 

Books and other printed 
forms will b« with us for 
many decades (despite 
MtLuhan't claims) ' 

Typically SW x 1 1 inch pages. 

Of vsrylng life and stability 

Ugc noUheU 
cujt 

Useful up to 10,000 caiJi, 
especially for persoisat 
nics- 1 

Typically 4x6 inch cards with 
nolsbes around edges. Of 
varying life and siabiUiy 

PunchClJ cardi 

Primary use foi transaction 1 
1 recording. Useful up to 

SOAOU cards for tiansactiofs 
rdea. tub files 1 


Magnetic tape 


Usually y, inch u ide by 2400 (t 
long Subject to wear and 

envuonfnenlelfcciiiwcb 

as dust) 

Magnetic d/umi 



Magnetic dicki ^ 

l(sc«aungly tmpottanlas | 

primary storage medium for | 
ditecl aceesi processes 

Typnally 2 ft m diameter 

Requires close conuolof 
envuoomcnt 

Magnetic strip) 
and caida ' 

Will become increasingly 
important for very large 
digital file storage 

fypivally 2 inches uidc by 1 * inches 
long Requuci close control 
of environment 

Mictofllm 

Very valuable for Urge 
voUime, coitipacl siotage 
Caiuidge film is 
hccoming wiilcty used 

Typically 16 mm by 100 ft 
oenntue to temperature changes 

ondphyatjliiainagc 

Microfiche and 
other cards 

Increasing use in pubis- 
cation 

iy^'shy 4x6 inchci transparency 

on heavy film slock 

Photographic 

Extremely useful for "lead 
only." very large master 
files Will be a primary 
medium lor distribution of 
digital data bases 

^ SWI under development 

1 

1 


J^f 
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Figure 12.1 (continued) 


Medium 


HI 

File O^anization 

Capacity 

Printed pages 

No 


Indexed, sequential 

ISOO Characters 
on 8 X 11 mch 
page 

Edge-notched 

No 


Indexed, random 

40 characters 
(digital) on 

4x6 mch card 

Punched cards 

No 


Indexed, sequential 
(to card of 80 
clufacieis) 

80 characters 
on 3 X 7 mch card 

Magnetic tape 


■ 

Sequential (la 
blocks of typically 
3000 characters) 

20 X 10^ characters 
on 2400 ft reel 

Magnetie drums 


■ 

Indexed (to words 
of about 10 chat- 
acten) 

10^ characters on 
typical small 
drum 

Magnetic discs 



Indexed (to sectors 
of 100-200chaiac- 
lets) 

5 X 10^ characters 
on small Disk-Pack 
up to 20 X 10^ 

Magnetic stnps 
and cards 

■ 


Indexed (to »g- 
menls of about 2000 
chaiacleis) 

4 X 10* charactcis 
on Data Cell 

Mictonim 

No 


Sequential 

3000 frames on 

100 ft cartridge 

tilicroriche and 
other cards 

■ 


Indexed, sequenua! 

60 (or 72) frames 

4 X 6 mch (COSATI 
Standard) 

Photographic 

No 

IH 


10* biUpcr 
square inch 


EQUIPMENT FOR MANUAL FILES 

Although nominally outside the scope of this book, manual files provide a 
useful bench mark for compianson with mechanized files. Furthermore, many 
mechanized systems depend on the use of manual files for some part of their 







E<iultimto( (or Manuil I'llei 


Fljur* 12.2 txMipid of 10,000 pajet 


MeJiutn 

1 Access Time 

to 1 of 1 

to 000 Paget 

Space for 

10,000 Pages 

Reading Rate 

Pnniedpascs 

60 sec 

1 (in file cihinet) | 

lOcufl 

(inrdecabinel) 

100 

chaiacters/second 
(by person) 

Uge-noichcd 

cudi 




Punched cuds 


30cufl 

(m tub file) 1 

1000 

chataclers/second 

Magnetic tape 


MW 

100.000 

Uiaraciers/tecond 

Magnetic drums 

OISMC 


10,000 

iharaclert/tecond 

Magnetic disks | 

03 sac 

3cu ft 

(onaditk pack) 

30,000 

chaiacters/iecond 

Magnetic strips 
and cards i 

25 see 

leu ft 

100,000 

charactett/tecond 

Miciorilm 

3 sec 


100 

characteis/second 

Miciodche and | 
cither cards 

5 tec 

03cufl 

100 

chaiacteis/second 

Phologiaphie 

25 tec 

’ 

? 


operation (For example, a standard system for senal record control uses a 
punched-card “tub-file” for storage of cards describing senal issues that are 
expected to anive They must be interfiled and later found when issues arnve ) 
For these reasons, we first consider essentially manual files— printed pages, 
edge-notched cards, and punched (EAM) cards 

Printed Pages 

The physical nature or qualitative charactenstics of pnnted pages, are familiar 
to everyone. 
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Figuie 12 3 RepiesentatnrecosU (dollars) 


Medium 

Cost of 
Medium 

Cost to 
Store 

10,000 Pages 

Cost to Have 
10,000 Pages 
Available 

Cost/Access 
to 1 Page in 
10,000 

Cost to 
Read I 

Page 

Pnnted pages 


$40-50 


05- 10/ 
Access 
(person) 

02- 

05 

(person) 

Edge-notched 

5-lS/ 

1000 



02-05/ 

Access 

(person) 


Punched cards 

1- 2/ 
1000 

20MO0 

50/mo 
(tub file} 

01-02/ 

Access 

(persoa) 


Magnetic tape 

4CM0 

pet 

reel 

50-60 

lOOO/lDO 

per 

handler 

40/ 

Access 

(computer) 

003 

(computer) 


Included u) 
cost of 
avadabdicy 



003/ 

Access 

(computer) 

003 

(computer) 

Magnetic duht 

SOO-lOOl ' 
disk 
pact. 

1000 

2000/fflo 

pet 

handler 

003/ 

Access 

(computet) 

003 

(computer) 

Magnetic strips 
and cards 

NA 


2000/mo 

per 

handler 

003/ 

(computer) 

003 

(computer) 

MicrofUm 

61 

100 ft 
cartridge 

24 

tviewer) 

01-02/ 

(person) 

02- 

05 

(person) 

Microfiche and 
other cards 

lO/fiche 

20 


005-010/ 

(person) 

02- 

05 

(person) 

Phologjaphic 

MA 

MA 

HA 

NA 

NA 


Quonttlain-e Oiaractenstics. These are probably also familiar to everyone, but 
It IS useful to record some representative data For example, a double spaced 
X It inch typewritten page will normaliy contain about 1500 characters 
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(counting spaces betiaccn words and punctuation nuiks). a typical 6x9 inch 
pnntcd page wiU contain about twice that, or 3000 characters, a 3 x 5 inch 
catalog card can contain up to SOO characters Direct access (by a person) to a 
random page within a file of 10,000 typewritten pages(l52X)0,000 characters), 
will normally take about I imnuie Ue can tlien read such a record at a rate of, 
at most, too characters per second 

Pile cabinets for typewntten pages are about 1 S to 1 S inches wide, 30 inches 
deep, and 60 inches high To provide room for draHcrs to be extended, they 
requite 7 square feet of floor space They can contain up to 15,000 x 1 1 inch 
sheets of paper or 30,OCO 3x5 inch cards (allowing space for work and 
expansion in drawen) 

A number of manufacturers have developed mechanical devices to speed up 
the access to individual pnnted records For comparison, these have been listed 
in Figure 12 4 Typically, they provide capacity for IS million characters 


tigura 12,4 Lquipmcol for »to>*se of mwiusl filet 
(■(Kludmt putKtwd eardt) 


Manufacturer 



Cost 

(OoUats) 

Capacity 

AcussTime 



1 


20.000 

cards 








BeU&HoweU 

Mictodljn 

cabmeit 

1220A 


408 reels 

3S mm film/ 
600 reels 1 
16 nun filia | 



1222A 


1 612 reels 

1 3S mm film/ 
900 reels 

1 6 mm film 


Diebold 

shelf 

i 12 
shelf 



3 sec (0 
a shelf 

Power 

shelf 

i 16 

shelf 



3 sec to 
a shelf 


SDSOO 


6 K to* 

microfiche 

8 sec 

Mask. 


1 Vaiiout 
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F^te I2>4 (fontwued) 


Manufacturer 

Name 

Model 

^3! 



Sperry Rand 

Kaidex 

Vaiious 





Ltk- 

\ 


160.000 

sheets 

6 sec 


LeV- 

triever 

III 


460.000 
6x4 cards 

6 sec 

Kwd- 

Veyer 


i 

16.000 
8x5 cards 

3 sec 

Cheek- 

veyer 



5 X 10* 

3 see 

Select- 

A-Matie 



18.000 

references 

inn 

Aristocrat 

Raidex 



S X I to 
11x9,305- 
2530 pockets 


Robot 

Kudex 

Visible 

Record 

Cabinet 


4000 

i^HH 

Kolect-A- 

Matic 

trays 





Wnghl Line 

Cold Star 
File 



12,000 



(usually stored on cards), with mechanical access time of 3 seconds (to which 
must be added the time taken the operator to scan cards in a tray) However, 
some units vnll stoic o\ei 2 5 bilbon characters, with mechanical access time oC 
6 seconds * 

File Organization. Methods for orgaiuzation of manual files are also very 
familiat They are almost always oiganized m a prescribed sequence (alphabeti- 
cally by name, for example) Frequently, 'logical records" will be recorded on 
many physical records (as in a dossier file) and stored in file folders Visual 
guides or tabs are used to assist in finding desired groups of physical records. A 


Meeks, BeiihaM .Fi/ingunifAecoRfrMaR^sefnenr NewYotk Ronald Press, 1964 
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nofitul lule of thumb ii “one |utde cuJ fot e%ety 40 to 50 data card* * 
Cioa mdeus «c st\y {itijMnl (The caul catalog »n iht hbjaiy. foi example, 
ttpiaenli a cross tndex to the coUeclionorboolj. x^ith the call number Krving 
at the adJicsi for direct acceu ) 

Costs Tlte cotl of paper at a tioiage nieiliutn it not at low as most people 
think Ten thouund sliceU of 81i x i 1 mcli paper, capable of storing IS million 
characters, will cost about S4Q to SSO At we shall see later, this is comparable 
to the cost of other storage medu Hie costs (o maintain a manual hie are 
basically the costs of personnel time to sort transactions and merge them into 
the file Eislimates of these times arc icmaikably hard to find. Figure 12.5 
provides a chart of some representative tunes as a function of the number of 
transactions to be sorted and the site of the file into which they are to be 
merged. 
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If 


B 

I 


HBB! 

I 

I 






iPSt 


Vm 





IHH 





Irxl 



H 


Irx 

[H 


B 







It Bl 



Bm 


I 

irv 





Itxl 





\ao 









FigUKl26 E^ge*ootcAedcw<f (example) 


The cost* to have the file available for access are amply the costs of the filing 
equipment m which the records are stored (Figure 123) The costs to consult 
the file are those fot the un\e of petsonnel to obtain a record from the file To 
provide an approximate means of comparuon. this has been estimated in Figure 
12-3 in terms of a clerk at S400 per month 

Edge-Notched Cards 

On edge-notched cards, infosmation is represented by binary codes m the 
form of a notch (or lack of notch) at each of specific poations along the edge of 
a card (see Figure 1 2 6) 

Edge-notched cards were the subject of an intensive revitw piepared by Fehx 
Reichman.* In it he enumerated the many different kinds of cards m use, traced 
theu historical development, discussed several applications, and described the 
advantages and disadvantages of each Appended to his text is a list of suppliers 
of marginal punched card* throughout the world, which constitutes an excellent 
roundup of what is available in the field (see Figure 12 7) 

Quafitaftve Oiaracrenstict As Figure 126 shows, edge notched cards can 

* R«tchm»nn, ttUx. “Notehed Cardv" in Ralph R Sh»w, ed . Stale of ihe Library Art 
he* BtuR»*vik.. Newletwv GcaduileSchaiilot Uteary Senice. RuigMsUnivtisiW, 1961 
Volutne4.Paitl.pp 9J4 
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easily accommodate both image data (punted on the body of the cards) and 
binary coded digital data in the form of notches Neither foim of data, however, 
can be changed easily. (Gummed tabs can be used to cover up previously 
notched codes, but the process is cumbersome and hardly represents “erasabil- 
ity ••) 

Quantiialive Charactenstics Notches can be recorded at a density of four or 
five per inch The digital capaaty of a card is therefore deterrruned by the card’s 
circumference A representative figure, usmg a four or five bit code, might be 20 
to 30 characters of binary coded data This technique of recording is therefore 
inherently of low density, and the amount of data that can be recorded on an 
individual card in this way is relatively small. lYobletns of efficient coding of the 
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index data requued for access have flterefore been important Several manufac* 
turen have developed coding systems to use the limited space for index storage 
efficiently-for instance, the McBee Key-Sort system, the E-Z Sort system, and 
the Zator system of Calvin Mooers. 

The method for access to individual cards mrolves insertmg needles through 
the prepunched holes at notch positions defining diaracters of interest, the cards 
that have been notched at those posibons will not be held on the needle As a 
result an entire file of cards can be simultaneously mtenogated, and the 
notched codes on each card compared with search cntena. In addition, and of 
even more fundamental importance, the technique of interrogation not only 
locates the desired card but allows for its physical extraction In a very real 
sense, therefore, the technique of edge notching represents a most powerful one, 
devices have appeared that to a significant extent have mechanized the concepts 
of edge notching (see the Diebotd “Selectnever" and the NCR CRAM). 

On the other hand, the manual operation of threading needles through decks 
of cards is tedious and, as the size of the file gets large, very tune-consurmng It 
has been said by several authors that a realisuc upper limit for files of 
edge-notched cards is approximately 10,000.* Up to that bmit, however, there 
are some sigruficant advantages m the ease with which these files can be 
handled ’’ 

File Orgamtanon. Because the notches on the cards provide the means for 
indexing and direct access, these files can be arranged in random order Usually, 
however, some item of data recorded on the face of the card will be used for file 
sequencing. For example, where edge-notched cards are used m a circulation 
system, they will be filed in “call-number” sequence, for easy mtenogation as to 
the location of a desired book The notches will be used to record “due date,” 
for subsequent retrieval of overdue books 

Costi Figure 12.7 includes data on the cost of cards and systems provided by 
the various manufacturers Other costs are pnmanly determined from clencal 
time of personnel 

Electronic Accounting Machine (EAM) Punched Cards 

Mechanized electronic accounting machine systems use punched cards as their 
basic means of data storage The punched card has therefore been most useful in 
business data processing and as a pteliininary stage m the development of 
computer-based library systems However, it appears to be unsuitable for any 


* Svhultz.Claue K.,*'Unu(r of UecbacuzatuMiEot SmsU AppUesUons." ADI Conference, 
Lch«h Univcruty, Belhlchem, P*.. October 22-24, 1959 

’ McCaw.tloiiudF ,4fcfXi/ii2/AincAed(WA New Yorl Scarecrow, 1952 
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Uige scale storage of library data rundamcnUliy, its density of storage is too 
low. It IS not erasable, so that information can be changed only by replacing 
cards, and its information transfer rate is too slow Hsen in business data 
processing, the punched card is being increasingly replaced by magnetic tape as 
the storage medium for files Howeset. punched cards will continue to find 
application in the field of transaction recording, where unit records arc of 
predominant importance 

Phyucal Form Tlie physical form and general characteristics of punched 
(EAM) cards have been described in Oiaptct 1 1 

QuaUtative Cluracurutict Punched cards are usually regarded as media for 
storage of digital data, but they can be used to record image data-on the face of 
the card or, as described later m this chapter, as nucioimages placed in 
apertures Neither form is easily clianged, and the entire card must be replaced if 
It IS to be updated Tlie fact that the card is a **unii lecotd" has probably been 
Its most significant qualitative charactctistic It means that cards can be easily 
sorted, interfiled, temoved. and directly accessed without looking at other cards 
As a result, punched cards have significant advantages for use in systems that 
combine machine operations with manual ones- 

Quantiiaitve Oiaractcnsiics. However, as we have pointed out, the quantita* 
tive charaeterisiies of pundied catds-low storage capacity, low data transfer 
rate, and slow mechanical acccss-pteclude their use as file media in large scale 
computer systems 

File Orsaiuiatioii Most punched card files will be stored m a defined 
sequence, according to a particular field of the card To put cards in tins 
sequence, they will be sorted into order and then merged wiih the existing file 
The rates foi the usual method of doing so «e dcpendcitt on the number of 
cards to be sorted and merged and on the number of columns m the field for 
sequencing (Figure 12 8) 

Corrr Punched cards ate relatively expensive media for recording digital data 
For example, to provide some perspective, consider the standard file of 10,000 
typewritten pages (that is, 15 nulbon characters) Recorduig this much data 
would probably require at least 200^000 pundied cards, at a cost of about $300 
(in contrast to the cost of $40 to $50 for the typewntlen pages themselves) 

The costs for maintaining a file of punched cards depend on whether 
mechanical or manual card handling js used Figure 12 8 provides the basis for 
estimating the cost of mechanical methods. Figure 12 5 provides the basis for 
estimating the cost of manual methods The storage of that many punched cards, 
available for access, would require a umt bke those listed m Figure 124. The 
cost for direct access to a desired record u la^ly the time of clerical personnel, 
and IS comparable to that for other manual files 
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Figure 12.8 Punched card aorling estimates 
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MAGNETIC RECORDING 

The need for a high-density stotage medium that would provide a high 
infoimalion tianafet late hat been a dnving force in the data piocessingbuaineu 
Magnetic recording was recognized at a very early date as the most likely to 
ptovtde an effective antwee The tecocding of information in magnetic fotm has 
theiefote been a key part of the entire development of electronic data processing 
equipment 

Method of Recording 

Magnetic lecoidmg » based on the fundamental relations between magnetism 
and electricity (.Figure 12 9)'* Thus, if anelectrical current is passed through a 
wire wrapped around a small shaped bar (called a “record head”), 3 
magnetic field wiU be created at the “gap” ai the wntmg head, whidi can be 
used to fix the magnetic state in a magnetizable surface On the other hand, if a 
magnetized medium is passed by a suiulai “u** shaped bar (now called a 
“reproduce head”), an electrical current will be generated m the wire On this 
basic relationship, the entire field of magnetic recording has developed, including 
that of audio signals, analog data, digital mformation, and video pictures 

* Gregory, R It, and R L Van Ham, <ei((<NnaRc Data fVocessmg Systems Principles 
end Procedures. Be\monl,Cibfomta Wadswoitb. 1963 Chapter 5 and Chapter 7 

* Huskey, tl D , and G A Korn. Computer Man<f6ooit; New York McGtaw-HiU, 1962. 
Seeuon \& 

Richards, R. K. Digital Computer Compements and Circuits. New Yoik Van 
Nostrand, 1957 Chapter? 

** Peas, Ciiiiies B , Magnetic Recording ut Saence an J Industry NewYoik Reinbold. 
1967 
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For generating the storage of digital information in this way, the appropnaie 
binary coded information is represented by a corresponding sequence of two 
different currents m the electrical cunent through the wire The result is an 
identical sequence of magnetic fields, and magnetically polarized spots on the 
storage medium as it moves under the recording head In the readmg operation, 
the process is reversed and, as the recording medium passes under the readmg 
head, the succession of magnetic spots generates a conespondmg succession of 
currents in the wue. These ate then interpreted by the logical circuitry as the 
binary coded representation of the stored data 

The density at which the binary coded data can be stored is descnbed m 
terms of "bits to the mch,” m the direction of recordmg, and "channels to the 
inch," across the recording medium. The densities possible m each case are 
determmed by a number of considerations The most fundamental of these is the 
basic geometry defined by the size of gap in the readmg head and the distance 
from the gap to the recording surface The smaller these two distances, the finer 
the resolution and, therefore, the higher the density possible, in fact, "contact" 
recordmg, with essentially zero spacing between head and surface, is standard 
for magnetic tape, and densities of perhaps SOO bits to the mch are not 
uncommon 

Another fundamental consideration is the speed at which the storage medium 
IS moved past the reading head; the higher the speed, the stronger the signal 
generated, and therefore the better the resolution possible This results from the 
fact that the strength of the signal generated in a reading head is directly 
proportional to the rate at whi^ (he magnetic field on the storage medium 
passes by the head In general, the signal level is on the order of perhaps 20/1000 
of 1 volt, and therefore the signal is at best difficult to distinguish from the 
background "noise" m the electncal circuit itself At low speeds and 
conespondingly low voltages, dust pactides, imperfections in the magnetic 
medium, and other sources of error could easily obscure the signal completely 
(Figures 12 lOand 12 11) 

For recording data other than digital (such as audio, video, and other analog 
information), the same techniques are involved, but different measures of 
storage density must be used (although fundamentally even digital storage 
densities must be considered m the same li^t) ‘ * These consideraLons are 
expressed m terms of the available “bandwidth" measured in “cycles pet 
second," which combine m a angle measure the storage density and the 
transport rate Typical audio magnetic tape recording provides a band width on 
the order of 20,000 cycles per second, present video magnetic tape recoidmg 
provides S to 10 million cycles per second Measured in somewhat the same 
framework, digital magnetic tape recording presently provides up to 150,000 


Videorilc-A Micro R<coicliTool.Ainj)ex Corporation, Aufust 20, 1964 
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bits pci second ftom each channel, which can be conudeied as the equivalent of 
peihaps 500,000 cycles per second 

In the following pages, a number of forms of magnetic storage media will be 
discussed tapes, drums, disks, cards, and strips ' * They differ from each other 
significantly in their quantitaiive chatactensiics of capacity, access tune, and 
reading rate Perhaps the most significant issue m their use is that of file 
organization 
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* Looney, Duncan H . ‘ Magnctii Devices for Digital Computets,” Datamation 7 (8) 
(August I96l),51-5S 
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The Issue of File Organization 

Each of the magnetic storage systems described below represents a com- 
promise between the problems and advantages, on the one hand, of scanning (or 
Lquenual access) and. on the other, of indexing (or direct access) In this sense, 
they lepiescnt v^ous points along a spectrum Thus, tapes are at one end of the 
spectrum, with a large umt capaaty, and a long scan tune (perhaps 25.000,000 
characters requiring an average access time, by scan, of 100 seconds) The strip 
(for example, Data Cell, RACE, and CRAM) systems substitute some degree of 
duect access and provide capability for scanning a smaller, but still large, block 
of data (on the order of 100,000 characters requiring perhaps H second of access 
time and scanning tune) At the far end of the spectrum are the disks and drum 
memories, which provide quite rapid direct access to small blocks of data 
(perhaps 100 characters) 

However, although dl of these approaches can be regarded as different points 
ui a spectrum, to do so hides some significant qualitative differences in the way 
they are used. This is particularly confirmed by consideration of ‘‘activity’ 
organized files. The particular range of parameters involved with strips has made 
evident the time and cost advantages m fitting the file organization to the 
stattttical character of usage. That is, in these approaches the time for gettmg to 
3 block of dau and scanning it is small enou^ (unlike magneuc tape) that 
random access methods can be reasonably considered, but latge enough (unlike 
magnetic disks) so that the time in doing so cannot be ignored 

Activity orgamzaiion therefore attempts to reduce the average scan tune in an 
mdexed block by talung advantage of the existmg patterns of record reference 
Where a small percentage of records represents a large percentage of the activity, 
the average access time will be substantially reduced by placing those records 
where they will be readily accessible This approach provides si^uflcant insight 
into the entire theoretical foundation of file organization 


Magnetic Tape 

Physical Form. Magnetic tape represents a very large capacity file storage 
medium Information is stored on magnetic tape m channels, much the same as 
with punched tape, but ui magnetic fonn so that it can be erased and stored at 
much higher densities Present magnetic tapes generally have 9 channels across a 
Vi mch tape and store at a density of S(X) bits or more to the mch, utilizing 
contact recording A typical reel of 2400 ft of magnetic tape can. in pnnaple, 
contain over 200 or 300 milliiMi bits of information, the equivalent of 20 to 30 
rruUion alphabetic characters. Figure 12 12 summarizes the characteruUcs of 
typical magneuc tape uniU.‘* 

'* ' Directory of Slsfneuc Tspes," Sysiant, The Matazine of Management Method!. 
Seplembci/Octobci 1963 
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One important mue concerning thit mcUiod of recording is its “perma- 
nence “ NVhat IS the hfe of magnetic tape and how permanent is the recorded 
data? In one sense, this lias not been a significant issue Methods for processing 
magnetic tape are usually designed to tecopy files as they are updated. As a 
lesult, yesterday's tapes can provide the data needed if something happens to 
today's tapes However, if libraries begin to store large amounts of essentially 
static, unchanging data m magnetic form, permanence will become a very 
significant mue At this Ume. there is UlUe data on which to base a general 
evaluation, but there are clear problems “Read-through,'' for example, produces 
changes in magnetic tape data as a result of the effects of the magnetic state in 
adjacent layers of the reel To counteract those effects, even tapes that are not 
undergoing change should periodically be rewritten. 

Quaittadve CharacCenslici As wc have indicated, magnetic tapes can be used 
for recording almost any form of data-digital, video, audio, or analog In most 
computer systems, of course, the emphasis u on digital data However, some 
"videofile” systems have been developed that combine digital with video data 
for a complete file system 

Data on magnetic tape can be erased easily All that is needed is to rewrite 
new data over it To change data, however, usually involves copymg the entire 
tape, incorporating changes as they occur Hie result is a set of two tapes the 
original and the updated copy Frequently, as we have indicated, the original is 
Saved for a time to protect the file, while the updated copy is used in later 
processing 

By Its nature, magnetic tape is used for sequential processing, only under 
extreme conditions would data be seardied for at random This means that the 
use of magnetic tape imposes severe limitations on the kinds of processing 
System m which it will be Used— batch processing, with scheduled production 
operation 
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Quantilatne Charactenstict Figure 12 12 includes representative data on the 
capaaty and reading rate available from magnetic tape. Returning to our 
example of 10,000 typewntten pages, the 15 million characters they contain 
would easily fit on a single reel of magnetic tape. Access to a random record 
would average about 1 rrunute (alihou^ this would rarely be done), and the 
entue file could be read within about 3 rranutes- 

However, quantities (such as those in Figure 12 12) for “maximum capaaty” 
of magnetic tape must be used with caution Data is recorded on tape m 
“blocks,” separated by “mterblock gaps.” which are blank Basically the gaps 
arise from the need to accelerate the tape to foil speed before reading or writing 
and then, afterward, to decelerate the tape In this way, a single “Read” 
operation will transfer only the contents of a smgle block to the computer, 
rather than the contents of the full reel (which would be far more than the 
internal memory could handle) 

Typically , for eMmple, the best utdizaUon of the internal memory m^t call 
for blocks of perhaps 2000 characters (using about 4 mches of tape at a density 
of SOO bits per inch) Interblock pps are usually about ^ inch and would 
therefore waste almost 20 percent of the tape's capacity for data. If blocks weie 
only 750 characters, one-clurd of the capaaty would be lost to interblock gaps 
Figure 12 13 illustrates a typical organization of files on magnetic tape As it 
shows, several logical records (catalog entries, for example) may be stored m a 
single rape record, bounded by inter-record gaps (IRC) Groups of tspe records 
may be treated as an identifiable subfile, with a “segment marker” (SM) 
identifying the group Several segmenu can then occur on a single tape. The 
records involved in a single file or lelated set of files can require several reels of 
tape 

The tape handling devices transport the tape at high speed (200 to 300 mches 
per second) past tl« reading and recoiding head The jnfoimation transfer rate « 
therefore fantastically hi^— in some cases, over 100,000 characters per second 
An entire reel of 20 million alphabetic characters can, in principle, be completely 
scanned m little moie than 3 minutes- Agam, however, care must be taken to 
consider the effects of interblock gaps The time to accelerate and decelerate— 
usually about 5 to 10 msec-must be added to the readmg time for each block 
Wth blocks of about 2000 characters, the tape transport time would be nearly 
twice the actual data transfer tune 

File Organaotioii Even at the storage densities and data transfer rates 
provided by magnetic tape storage, the access tune to a randomly located item 
of dau averages 1 nunute or more-an intolerable length of time It is therefore 
standard pracuce to use magnetic tape files only in a batch mode of 
operation-accumulating transactions, soitmg them into file sequence, rtatch- 
merging them with the file, processing affected records in sequence as they 
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come, and storing the updated Hie on a new tape But this implies that magnetic 
tape flies must be stored m a sequence according to a defined field in each 
record, that transactions must contain that field of data, and that they must be 
sorted on it 

Magnetic tape sorting is a complex operation, involving comparisons and 
rearrangements of data within the inleinal memory during a succession of several 
passes of data from magnetic tape into (he memory and out again The process 
of tape sotting is schematically represented by the flowchart in Figure 12 14 ' * 
Typical equations for estimation of sorting times are given in Figure 12 15 
Costs. Figure 12 12 includes data on the costs of both the handling 
equipment and the magnetic tape itself. To pul these m perspective, 10,000 
typewritten pages (IS million characters) would require about a reel of tape— a 
cast of $SO to S60, not very much mose fem the cost of the paper would be 

W Generairzed Sore Program ttlute FUuis. New York iBM Data Processing 
Publication 







Figure 12,14e SimphOed flow chart. Phase 3. : 


The cost of maintaining such a file can be denved from the equations of 
Figure 12 IS The cost of havinga magnetic tape file available for use and access 
IS exactly that of the tape handkis, buffer, and control which must be dedicated 
to it. For the file of 15 million characters, this would mean at least the cost of 
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the handler (normally about $ 1000 per month) The cost of mtcrtogalion of the 
Tile 1 $ the commitment of computer time involved tn the formulation of the 
request, search of the file, and preparation of response 

Magnetic Drums 

A magnetic drum is a cylinder coaled vvith a material that svill ictam magnetic 
polarity It is rotated at extremely high speeds so that the sice of the signal and 
access rates will be correspondingly laige The reading and recording heads are 
placed in fixed positions close to the surface of the drum as it rotates under 
them Each recording head will generate a “channel” of information Most drum 
systems are limited by physical boundary conditions to a drum diameter of 
between 3 and 24 inches and to perhaps 100 channels (Figure 12 16) As we 
have indicated, the density at wtudi information can be recorded is a function of 
the distance between the reading head and the drum surface, the smaller this 
distance, the higher the density Most drum systems utilize a 2 mil (thousandth of 
an inch) spacing to provide typical densities on the order of 100 to 200 bits per 
inch 

Qualitative Characteristics Drums are almost completely limited to storage of 
digital data (although there has been some use of them in “audio-iesponse" 
systems, m which prerecorded audio messages are stoied on them) Data on 
them IS easily changed and updated They are intended for use as “direct- 
access,” addressed files, and are usuaUy not elfcctive for sequenUal processing 
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Figure t2 16 Magnetic ilrum 


because of the delay (about 1 5 msec on the average) from one read command to 
the next 

Quantitatne Cfiaractenstics Except for the very large capacity drums of 
Spetry-Rand (Univac), drums are relatively unsuitable for large capacity storage 
They are generally limited to less than 1 million characters and are therefore 
usually not useful for the storage of large files Figure 12 17 lists the 
characteristics of representative magnetic drum systems 

File Organnatioit Files are almost always organized in a direct access, 
addressed manner, using indexes stored m the internal memory (although they 
will be transferred to memory from other files, even the drumitselQ 

Costs. Most drum systenu are completely self-contained and designed for 
making the data accessible at all tunes Their costs therefore include all related 
cucuitry and not just the storage medium ilseSf 


ilgure 12.17 Magnetic Dnimt 
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Magnetie Disks 

Indexed or “direct access” magnetic disk storage units now are a feature of 
almost every elecuonic data processing system.’ * •* '' Such files are like drums, 
m the sense that every uruc record is stored in its own addressable location Thus 
the file need not be scanned and examined in order to find particular data All 
that IS required is an index stonng the addresses which locate desired records. 
Figuie 1^ 18 hits the characteristics of representative disk systems. 

Physical Form. These memones store information on the surface of disks 
(like phonograph records) coated with magnetic matenal and rotating at 
extremely high speeds Typically, the disks will be from 2 to 4 ft in diameter and 
will store bmary coded infoimation in perhaps 100 concentric channels across 
the surface of the disk In most cases, several disks are stacked parallel to each 
other (as in “juke box” record plajrets), but are physically separated so that the 
magnetic reading and recording head can be moved from one recording channel 
to another, and sometimes even from one disk to another. The movement of the 
head is controlled by an addressing mechanism that determines, from the disk 
and channel identification supplied to it, the {diysical position to which the head 
must be moved (Figure 12.19) 

Qualitative Characteristics. Mosl disk systems are presently used for recording 
digital data, although there arc some devices that record video images They are 

’ ^ Hobbs. L. C . ‘ Review and Suney of Uass Meniones.” 

” "New Diic rilcs,'‘C)3laniauoii.9tdKI<inel943),4&-t9 
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designed to maXe it easy to get to desired data and to change it They aie 
intended for use as direct access, addressed devices. If used for sequential 
processing, the delay from one read commmand to the next will be about IS 
msec 

Quantuauve Ouaractensuct Present day disk systems usually use a replace- 
able “disk pack” which, like a reel of tape, can be stored separate from its 
handler Where tlus is the case, the quantity for “capacity” m Figure 12 18 is 
that for a disk-pack 

File Organization. Addressed access has a great deal of appeal, and certainly 
where usage is well defined it picmdea an extremely powerful appioach to 
replacement of scanning by indexing However, the problems in providing the 
Item address so essential to the functioning of the unit must be recognized 
Ultimately, they all are a result of the fact that utilization depends on an index 
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Two mctliods ate standard for liandiing this probteni the "indexed 
^qucnliar* method and the '*cross<indcxcd*' nteihod, wilh a number of 
\arialioi)S of each With an indexed sequential file, records are stored 
sequentially, according to an idcnoncr (a Held of the record) An index, 
arranged in the same sequence, indicates the range of identifiers to be found in a 
range of addresses Tlie computer looks up the jdenliner of a desired record in 
this index, detcrnimes the range of addresses within which it is supposed to be 
stored, and then reads them To accommodate the addition of new records 
within tlic sequence, space is usually set aside at various points in the file to 
minimize the amount of icatiangemcnl of stored data Sometimes, when 
additions exceed the allotted space, they are addressed by "links** added to the 
contents of stored records 

Cross indexed files ate simple indexes that have an entry for all values, from 
every Held of every record, on wiuch access wdl later be desired An "index 
record" for a given value will then list all the addresses in wiuch a record 
containing that value is stored 

Com As Figure UJ shows, the costs for a disk-pack are roughly S500 
Thui, the cost for storage of our file of 10.000 typewniten pages would be 
about SIOOO (compared with S40 to SSO for paper and S50 to $60 for magnetic 
tape) 

The costs for mamtaunng a file are simply the result of the time required for 
the computet to find the proper address for a record to be added, updated, or 
deleted plus the time to update the index tables. 

The costs of having a file available for access ate those of the disk liandlers, 
buffers, and controllers required For our representative example, this would be 
about S2000 per month 

Magnetic Strips 

As we have indicated, magnetic tape must be searched sequentially in order to 
locate a particular record or to compare combinations of data Furthermore, 
computet processing of continuous tape is comparatively slow when called upon 
to perform routine data processing operations such as sorting, merging, 
matching, and filing U was natural, then, for companies to consider using 
magnetic strips as physically disaete media for stonng information Figure 
12 20 lists the characteristics of some available devices of this kind 

Physical Form A development of the National Cash Register Company, 
called CRAM (Card Random Access Klechanism). uses unitized tape for the 
storage medium ‘ Each strip is 14 uivhes long by 314 inches wide Data is 

* * Angel A M . "The NCR Magnetic Card Random Access Memory," m Large Capacity 
Memory Techmifues for Compuiiag Svsieira Olfitetif Naval Research, May 1961 
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recorded on the magnetic strip in 56 parallel channels divided into 7 sets of 8 
channels, each set being treated as the counterpart of a magnetic tape, with the 
bits for each individual character recorded u parallel Successive characters are 
recorded sequentially at a density of 250 bits to the inch The strips are stored m 
a replaceable cartndge that contains 256 cards, suspended on 8 binary coded 
tods which pass through notches at the end of each strip Using the principles of 
edge-notched selection, by automatically setting the rods to a binary coded value 
from 000 through 255, any desired stnp from the set can be chosen for reading 
or recording Strips can be successively selected, read, and returned to the file at 
the rate of approximately five per second. RCA has a similar set of equipment, 
called RACE, and so does IBM represented by the “Data Cell.” In the Data Cell, 
for example, data is recorded on stnps 13 mdies long and yA inches wide Set< 
of 10 of these strips are stored m cartndges. and a set of 20 cartridges is a Data 
Cell Up to lOmterchangeable data cellscan be stored m asmgle dnve 
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Qualiiatne Oiawtcmtici These uc all essentially devices for direct, 
addressed access to digital data (Allhou^ WALNUT an earlier IBM develop- 
ment similar in structure to a Data Cell, was a phoiograpluc store capable of 
both digital and image storage ) Data can be updated or changed tcbtivcly easily 
Quaniitalive Characlcnstict As Figure 12 20 shows, these devices have truly 
enormous capacities Out representative example of 10.000 typewritten pages 
would require only a small portionofany one of them. Access times arc. on the 
other hand, somewhat lunger than with smaller direct access devices, such as 
magnetic disks This docs raise some very significant problems in the use of Utem 
for storing multiple files for many users m an on-line system. Specincally, as 
each user calls for data (from a Data Cell, for example), he will interfere in 
several ways with the use of the file unit by other users Not only docs he tie up 
the unit Itself, but he causes it to move away from the location of someone cise's 
flic, thus making later access time longer 

File Orsmzaiioii All (he issues of file organization that are applicable to 
magnetic disk files arc equally applicable to these larger file systems 
Cosrs. The costs listed m Figure 12 20 arc self-explanatory 


equipment for photocrapuic files 

Microphotography is a general technique covering the use of any opaque or 
transparent carrier of a nuniaturued image, including nuciofitm, microfiche, film 
strips, film inserts, and many others ' *** ' The possibility for producing miniature 
images IS the result of developments in photographic emulsions with almost 
unbelievably high resolution The most spectacular of these are some of the silver 
halides, possessing resolving power greater than 20(K) lines per millimeter and with 
information storage capacity potentially over 3bilhon bill pet square inch 

In addition, new dry processes have been developed to overcome the 
disadvantages of wet chemical development nomiaJIy associated with silver hahde 
Him processing Diazo, for example, is a film that is exposed by ultraviolet light 
and developed by gaseous ammoma Kalvar is exposed by ultraviolet light and 


Born, L K , ■ The Literature of MtcToteproduction.'Mmericfl/i Docuinentarion (July 
7. 1956). pp 167 187 

7° Bagg, Thomas C , and Mary t Stevens, fnforuulion Selection Systems Retrieving 
RepUca Copies A Slate of the Art ReporUtiBSTechaKiMiote Washington.D C 

Government Printing Offive, December 31. 1967 

Alexander, Samuel N . The Current Status of Graphic Storage Techniques Their 
Potential Application to Library Mechanaation. 
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developed by heat at a temperature equivalent to that of a warm iron The latest 
dry process is “photochromies,” claimed to have data-compression ratios up to 
400 1 with practically no loss of resolution Photochrormc film is exposed 
by ultraviolet hght and can be erased by white hght if required In 1966, the 
Mmnesota Mining and Manufacturing Company announced a new dry method 
for recording information on silvei-habde film 

With the fantasuc storage capability provided by rmciophotography, perma- 
nent messages can be greatly compressed Actu^y, the ultimate practical hmits 
become more a matter of the nature of optical systems, of the wavelength of 
hght, and of the techniques for developing the image than of the storage medium 
Itself As a result, hi^ ratios for reduction tn size from document to recorded 
image are becoming a standard part of the art For example, whereas ratios of 
10 1 or 20 1 have been traditional m microphotography, Eastman Kodak used a 
reduction ratio of 60-1 m its Mimcard system.** Others have expenmentedwith 
ratios up to 1000 1, although it has been estimated that the practical hmit is 
from SOO to 600 1, based on optical limitations in both recording and later 
reading 

A further consideration, which becomes particularly significant at the higher 
reduction ratios, h the physical size of the unage carrier itself This must remain 
on the order of several centimeters, no matter how many images may be stored 
on It, so that it can be handled by madunes or human beings In view of this, if 
the high reduction ratio is to have any real meaning m terms of storage 
efficiency, very many images must be stored on a single carrier, and the resulting 
problems in locatmg the desued image become very significant 

Another important issue is the quahty of the microimage Inasmuch as there 
u a loss of resolution from one generation of an image to the next, a microfilm 
system requires exacting quahty controls at all stages of piocessmg~in the optics 
at the time of fUnutig, ui the storage medium, and in the reproduction processes 
employed to enlarge the image back to its ongmal dimensions 

In evaluating imaofoims for storage, it is important to consider the gradually 
declining cost of making copies from them— both hard copy and nucroform 
copy Many compames are already engaged m commercial duphcation of vanous 
micioforms, in fact, some are even leproduang entire copies of out-of-print 
books from minofilm at reasonable cost and in bound book form. If this 
continues, then it is possible that in time readers will be willmg to forego seeing 

Carlson, C O . et aL, "The Fhotactinniiic Uteto Image Memory," in Large Capacity 
Memory Technu/uesfor Computing Systems OfliceoT Naval Research, May 1961 

Mjers, W C , ami A S Taubei, Hiotackrotmc Micro-lmages-A Key M Practical 
Micro-Document Storage and Dissemoutioa Amencan Documentation. 13 (4) (October 
1962). pp 403-409 

** Kuipers J W , et al ‘A MinicarJ System for Documentary Information,” 4'ne«cfln 
Doeumenution 8 (4) (October 1957) 246-268 


L4uipin«nl fut (liotoenpfiic 1 lit* 38i 

Ihe oiifuna) materul "on loan" from then library, in favor of gelling a duplicate, 
expendable Copy of the microform tor Viewing L B Heilprin dutmgui^cd 
between a D (duplicaung>-ljbraty and a C (circulating)-L4brary ’ He 
maintained that through increased microform usage and advances in communica- 
tions. we can expect to see the D-Ubraty achieving considerable popularity and 
prominence in the future "Tlius many problems of storing multiple copies of 
loss through wear, mutilation, and stealing, of cost and effort of charging out 
and charging m. of binding and rebinding, can be simphried or eliminated in a 
D-Ubrary Tlie D-Lbtary can combine pholoieduclion of scole-i c , compact 
storage' higli mobility through optical and electronic transmission of images, 
and great economy of opetalion The D pnnciple of dissermnalion by 
reproduction of expendable or vendable copies will almost certainly alleviate 
many present physical problems " 

The great variety of machine research in this area has exploited the 
techniques of microphotography. with its almost fantastic capabilities, and has 
attempted to find etie most efficient shapes, uzes, and reduction allot for 
microforms Roll nim, flat film strips, cards. insetts~all have been utilised in an 
effort to meet desired objectives most effectively 

Microfilm 

Certainly the most familiar of these vanous forms is the now standard 
mictofUm, which stores document unages at reduction ratios usually around 
IS 1 to 20 I on reels of nim Printed pages ate recorded continuously on spools 
of film using special purpose miaofilm cameras, commonly 16 mm and 35 mm 
Along with the camera, other equipment has been evolved for viewing the 
film ’ ’ Desired images can be located by visual scannmg of the set of stored 

images, assisted perhaps by an index of bnear posiUons, m inches, along the film 
The "Lodestar” microfilm viewer, irunufactured by the Recordak Corporation, 

IS typical of commercially available viewers of this type It uses film reels stored 
>n cartridges to simplify film loading and unloading More recently, several 
developments have appeared which mechaiuze the process of searching frames to 
determine the location of desired ones on the reel Figure 12.21 hsts the 
characteristics of various microfilm equipment 

ileilprin, LB.' ComtnunKalion CnguKcnng Approach to Mictofonns," American 
Ooeumenlalion. 12(3) (July 1961), 217 

Heilpnn. L B , "On ihe InfoimaliOD Probkni Mini." American Documemation. 12 
(t) (January 1961), 6-14 

^ ^ Ballou, Hubbard W , Guide to Microreproducnoit Ecjuipmenl Annapolis. Maryland 
National Microfilm Associalion, 1959 

^®Ha»Km,W R , fhotocopying ftom Bound Volumet 4 Study of Machines. Methods, 
and Malenats. ChKiio ALA. 1962 

** Nelson. Carl, Microfilm Technology New Yoefc McGraw-HUL 1965 
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Quahtatitive Oiaraclcnsttcs Mictofitm a basically a means for recordingimases 
but, as discussed below, jl can be used lo record binary coded digital data for 
purposes of indexing and mechanized letneval Except for some of the more 
recent, mostly experimental photographic techniques (such as photochromies), 
microfilm is nonerasable, and therefore data is difficult to change Finally, as we 
shall discuss in detail, nucroritm is a continuous strip medium with ail the 
problems in file organization and access to data which that implies 

Quantitative CTiarac/ensricx Images are recorded on microfilm at reduction 
ratios of 15 1 to >0 l.Thismeaosthat a 100 foot cartndge will hold up to 3000 
frames Our example of 10,000 typewntten pages would therefore require about 
4 cartridges Certainly the most spectacular result of storage on microfilm is the 
reduction m space by factors of 300 and mote— for the example, from over 10 
cubic feet to less than 1 /30 of a cubic foot' 

Most viewers for microfilm transport the f3m at a rate up to 600 feel per 
minute The access time to a desired frame, in a 100 foot cartridge, using one of 
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the frame counting attachments like that in Figure 12 22, will average 5 to 10 
seconds The images can be read at normal human reading rates, or reproduced 
(with a viewer-printer) within 15 to 30 seconds 

In general, therefore, microfilm represents a high capacity, high density 
storage system with reasonably rapid access 



Figure 12 22 Frame counting 


File Organuation However, although micTofilm satisfies the basic require- 
ments for achieving more compact storage of printed information, its access time 
IS still too slow for data processing needs. even when thedifficulty of locating a 
specific image on the spool is overcome by organizing the onginal material in a 
logical manner before filming and using automatic frame counting These 
technical considerations of access time and display may not be too important in 
routine operations (such as using imaolUmed sets of material like newspapers 
and penodicals) But when continuous film is used as the pnmary recording 
medium for storing a heterogeneous coUecUon of documents keyed to a subject 
or named object index, the questions of rapid access and display become very 
senous 
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The basic principles of an electiic ttiicionim searching system n-crc aiJvanccil 
by Dr Vannes-ar lJush of the Massachusetts Institute of Technology in the early 
1940 s as a means for overcoming these dericicncics Government funJa were 
proviiieJ for its ilevelopment. and a piototype model called the Rapid Selector 
was designed anj built by Lngincciing Research Assoaates of St Paul, 
Minnesota Dr Ralph R Shaw. Libiatian of the Department of Agriculture, 
supervised the development of the work and performed most of the bibliograph- 
ical expcrimcntatioii Tlic machine handled nucrordin with associated 

binary code patterns whicli described llic contents of documents Code and 
documcni images wetconlatgc, 2000 foot leeU of 35 mm microfilm containing 
72,000 image frames each, wlucli went ihrougli the maciiine at five feet per 
second (2400 pages per minute) 

The Code was m the form of black and clear '‘dots,*’ which identified each 
document by number, name, author, or contents. As the film passed through the 
selector, the coded area was projected on a photocell and compared with 
specified search cntctia Copies of documents selected by code recognition were 
copied "on the fly" pliotographicatly. 

Smee then, commercial versions of the same concept have become available, 
'^e FMa File Search system storn binary codes with each image frame, as 
shown m Figure 12 23, allowing as many as S6 alpha-numenc characters to be 
used for indexing each frame.* * The File Search film is moved past the reading 
station at 200 feet pet minute, corresponding to a rate of 6400 pages per 
minute. The Retrieval Unit searches the reel and selects those documents or 
other material, which have coding that matches that m a request. As the desired 
frames are found by the machine, the film is automatically stopped and the 
unage is projected onto the viewing screen 

The Eastman Kodak "Miracode" system u smulat, but stores the bmary 
coded data between image frames (Figure 12 24) instead of beude ihern.** 
Figure 1 2 2S lists the characterutics of these devices. 

The Rapid Selector, the Eastman Kodak Miracode, and the FMA File Search 
Machine all utilize microfilm with binary coded data stored for automatic 
searching They thus each provide a means for mechanized image retrieval 


Shaw, Ralph R , “The RapiU Selerior," Journal ofD<Kumenteiion, No 5, 1949, pp 
164-171 

** Shaw. Ralph R , Machiner oitd ihe Bibhopaphtcal froblem of the 20lh Century, u S 
Depaitment of Agriculture, Match IS, 1951 

McMuiiay, James P, 'The Bureau of Ships Rapid Setcctor System,” American 
Documentation, 13 (1) (January 1962), 66-68 

Condon, Richard A . The FMA File Search System, Talk presented to ihe Los 
Angeles Chapter of ADI, September 29. 1961 

The Miracode System of Automated Information Retrieval, Recotdak (Eastman 
Kodak), 1964 
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G 0 0 □ □ 0 



Figure 12 23 File acaich.rdia mage, and code 


However, none of them provides an answer to the basic operational disadvan- 
tages of continuous film files it is awkward to interfile new matenal m an 
orderly sequence, and the search mechanism must examine the enbre file to 
satisfy every search request 

Costs. The costs of rmciofltm as a medium vary greatly, depending on the size 
(16 mm or 35 mm), the length, and how it is packaged However, to provide a 




i 1 1.24 MuKo4e film unige anJ coJ« 

rough baijj for comparison a r«clofjOO ft of 16 mm irucrofilm, devrJoped and 
01 a cartridge, will cost about $6 To record the JO.OOO typewritten 
pages-requinng4 cartngcs-would thus cost between $20 andS2S 

The cost of nie maintenance is controlled, to an extent, by the nonerasable, 
continuous strip nature of microfihn Basically, one merely adds new reels of 
nim and docs not try to update the existing microfilm 

The cost of having a Tile accessible k merely the cost of viewers (or 
viewet-pnnters), and the cost of access is determined by the time of clerical 
personnel or, m tlie case of mechanued searching devices, the electronic 
equipment 


Microimage Cards and Stnps 

Unitized film files ate able to overcome many of these disadvantages In fact. 
Virtually every considetation that led the data processing industry to consider 
magnetic disks, cards, end strips as leplacement fox magnetic tape applies with 
equal force to nucrophotographic stotage With a ducrete medium, the need for 
sequential handhng disappears, and piocessmg and finding operations can 
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Figure I2.2S Microfllitt-code equipment 


Manufacturer 

Name 
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per Month 
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NA 
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Reduction ratio 8 1, 

35 mm film with binary 
coded data 

Recordak 

Muacode 
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600 pajes/m 

Reduction ratio 30 1, 

16 X 32 mm filmehip offers 
automatic clerical help 
in a surprisingly small 
package Search tune 

8 sec 

IBM 

Walnut 

EstiRiated 

at 

10,000- 

203X)0 


Access time S sec . re- 
duction 1000 1 Refers 
to file storage mecha- 
nism only Filmstrip 
technique Capacity 
for over 999,000 pages. 


become more flexible and random Several methods now exist for placing 
microreductions of documents onto cards 

Phyucal Forms and QuaUtattre Chamcimstics The microcard is an extension 
of conventional rmcrofilnung to allow for storage on cards ’ ^ * Documents ate 
Filmed in a normal manner, then developed, cut into strips, and contact printed 
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MICROCARD LlMlTtD EDITION OF CENTURf 21 WORLD S EXPOSITION 
SOUVENIR BOOKLET SEATTIX, WASHINGTON. 1962 
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as opaque positive images on the face of a caiJ The extent of the photo* 
reduction determines how many document pages may be contained on one card 
The standard Microcatd (Figure 12 26) is 3 x 5 inches and, at typical reductions, 
may contain as many as 80 pages The reverse face of the card may be used to 
record dear-text identification or index data Special photographic equipment is 
tequued to process the cards am) prepare them for use, and special viewers are 
needed to assist the user in reading the card Fulhermore, the opaque nature of a 
miciocatd makes it inconvenient to duplicate and enlarge 

The micro/7c/ie is intended to answer the problems involved in viewing and 
copying opaque microcards The nucroficheua transparent iilmcard of varying 
size, recording image frames in a rectangular array Present standards for 
microfiche are shown in Figure 12 27 The "COSATr’ St.indafd has become the 
form in which a majority of federal government reports (science, technology, 
and education, for instance) are now being distnbuted^^ 

Another widely used method is the .^perrune Card (Figure 12 28), which 
utilizes small windows in an other wise solid card to store pieces of film ^ ^ The 


Ridci, Kretnont, The Sc/ialer am/ t/ie future of the Research Library New York 
Uddham, 1944 

Rider, rremont, ‘The Oiallenee of Micniphotogiiphy, ' in Louis Shores, ed 
OiaUenges to librarianship New York WcOiaoiC Bio»a. 1933 

COSATl.fn/eeat Microfiche Standardi, Second Edrtion. December 1965 
Committee on Govemnrent Opeatioiu, US Senste 86th Congress. 2nd Session 
DocumenMnoit. Indexing, and Rernexal of Scientific Information Washington, D C 
Government Printing Office, 1961, pp 63-64 
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number of apertures can vary, depending on Ihe amount of space required for 
the stored document images To pbce the images in aperture cards, documents 
are filmed sequentially on microfilm, which is later chopped and mounted 
neatly mto the precut apertures The FILMSORT Division of Minnesota Minm| 
and Manufactunng Company produces a mounter that cuts the frame of film, 
inserts it into the aperture.and presses it firmly against an adhesive frame which 
surrounds the aperture Sometimes the apertures are combined into a punched 
card so that a portion of the card can be used for an index and selection by EAM 
equipment This is not completely satisfactoiy, since it requires special 
engineering of the caid-handlmg device to ensure that cards will not be mangled 
or scratched during sorting operations 

Mtnicardt developed by Eastman Kodak Company for the Department of 
Defense, was an effort to combine nucrophotogiaphjc card techniques for both 
image and coded index data ** A Mmicard was about half the size of a standard 
postage stamp 16 x 32 mm The card was divided mto 7 fields, which could be 
devoted to either code or unage storage Images were stored at the ratio of 60 1 
In the code poition of the Muucaid, black wd white dots were arranged in 42 
parallel channels and sets of 10 columns called fields Depending on the 
appbcation, a Minicard could contain a large code area and no image area, or a 
maximum of 12 images plus about 60 alphanumeric code characters 

A somewhat sinular approach was adopted by the Magnavox Company, based 
on Iheu expenences as subcontiactoi on Muuoaid Then MEDIA development 
similarly produces the coded data on the cards by a process of photographing 
the code at the same tune as photographing the documents*® This system 

^’'Kuipere.J W eta] cp ctt 

*® AtEDM , K bcoctuue of the Ma^nmox Conipuiy . Fort Wayne, Indiana 
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uUii 2 ct 1 C3f J of (he ume dimenuons as (he ^tmlcjrd b(i( with the code stored 
along the edge and consisting ofletf than 80 bits Tiic MEDIA system utibzcs 
manual filing of the cards in snult cailiidges, each containing up to 200 cards A 
selector malclies the IS to 20 decimal digits on the code with a single document 
number, retrieving on the basis of docuriMfil number and not on the basis of 
content 

An entirely different approac/i (o unuizcd microphotograpfuc storage is that 
taken by IBM in their development of a film strip tcclinique Although this 
development is not yet commercially available, it u important to recognize 
that the use of stiips in higiily mechanized systems is as possible with 
miciophotogiaphic storage as it is with magnetic tape storage Tlie development 
was first begun in 19S8 and was described in July 1961 along the following 
lines ** 

WALNUT (as it is called) conusu of a specially designed machine which 
stores photographic images on strips Documenls entering the system travel 
through a two^tage reduction tn sue They arc imcrofilmed on 3S mm nim and 
placed in a converter which then opucally reduces the image further and 
transfen it to the stnp Each strip contains as many as 99 images of an 8" k 14* 
page sue, which represents a reduction of about I/i, 000th the onguialsue The 
stnps are stored in a plastic cell with $0 strips to the cell and 200 cells to the 
machine The machine can therefore store a total of 990.000 images 

Any one of the images can be found in a maximum access time of S seconds 
Once the document number is addressed, a pickup mccltanism locates the 
>ppropnate cell, withdraws die pertinent stnp. and the image of the document is 
photographically transferred to an IBM aperture card. Tlie selected images can 
then be viewed on a screen by the user or enlarged for haid-copy reproduction 

But the technique of high density photographic recording is Lkely to have 
great importance for libraries in perhaps an unexpected way. In the study, 
“Automation and the Library of Congress,” there were hints of this in the 
discussion of “read-only” stores of bibbographical data*^ Smee such data is, by 
Its nature, relatively static, it can be recorded on stnps, asm (he IBM Data Cell, 
but photographically at much higher densities * * Densities of 1 to 3 rrullion bits 
to the inch are feasible The result is that immense quantities of digital data can 
be distributed very compactly and inexpensively. 

Figure 1 2 29 lists the characteristics of representative imctounage card media 


Bradshaw, P D . "The Walnut System A Large Capauity Document Storage and 
Retrieval System,” American Documentalion, 13 (3) (Jubr 1962), 270-275 

King, Gilbert W . ed . /lufomarKwi emt the Library of Congress Washington, D C 
Library of Congress, 1963 

King, Gilbert W . “Photographic iDToimation Stonge," Control Engineering, August 
195S,pp 48-53 
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Figure 12.29 Microinuge card equipment 


Manufacturer 

Bl 


pnee 

(Dollars) 

Capacity 

Acess Tune and 
Comments 

Microcaid ! 

Mictocard 

1 

DSO 

24-48 

pages 

ReducUon 17x, 23x 3x5 inch 
micro-opaques Reproduction 

IS slow and costly Used 
for the miniaturization 
of bulky, expensive 
technical periodicals, 
such as chemical abstracts 
and patent gazette 

3M 

Cud 

1 

010 

1-6 

Documents ue filmed 
sequentially in miciofilm 
form, and later chopped and 
mounted to fit neatly in 
cuds with preeut apertures. 


Microriehe 


0 2S 
pel cud 

60-100 

Reduction 18x, 24x 

Related group of unagci 
are arranged on a card- 
shaped ttanspareni sheet 
of film Stonge medium 
common to the scientist and 
librarian Quick and econo- 
mical means of prcpuing 
and distributing multipaged 
reports 

n 

Media 

1 

1 

2 

itsagei 

Uuhze nimehip for 
automatic or semiauto- 
matic storage and leUievaL 
Pulicular sizes of filmchips 
have little application 
apul from the system 
and equipment for which 
they are designed 



■ 

H 

1-6 

images 



QiuIilJUie Ouracicnstici Opaalics of microimage cards vary widely 
(Kigutc 12-29) However, to premde a basis for comparison, storage of ihe 
lODOO typewiiiien pages of our example will probably take 200 microfiche 
(COSATI standard) Acceu time* (about I minute) and reading rates ate 
comparable to other manual methods (However, the Houston Feailcss CARD 
Reader pros ides access in 4 seconds ) 
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fiSUrell^ (dMlIinurJ) 


Ksjiufsclurer 

Name 


lai 


Acceu Tune and 
Comments 

Laitman 

Kodak 

Mirilcaid 

1 



Reduction 60x 

16 X 32 mm him chips. Used 
primarily fur a few spccul 

goveinmeni file pioblems, 
because of ils cost 

UdJirei phoiop/jpftjc 
technidue for both Image 
and coded index daia 

IBM 


■ 

Dl 

1-6 



('or ih« pnc« of (he cquipmeni. k« Tipitc 12 21 


Cofft Typically, microimage caid$ (uich as mtcioriche) cost about 2Sc each 
Thus, storage of the 1 0,000 pages of our example wou)d cost about S50 The 
costs to maintain a Hie, to have it available, and to find specific frames are 
comparable to other forms of manual storage. 


Suggested Reading 

Hawken, WilUam R , Copying Methods Matmaf Chicago Amencan Library 
Association, 1966 

A comprehensive coverage of nucrophotography, as well as other means of 
copying printed records. 

Pear, Charles B , Magnetic Recording in Science and Technology New York 
Reinhold, 1967 

This provides a thorough techmeal discussion of the methods for recording 
and reading data magnetically 











Chapter 13 

COMMUNICATION OF DATA 


INTRODUCTION 

Data communication” » a proceu. a syatem, and a set of equipment by 
which daU-m any of its forms-is transmitted from one geographical locauon to 
Mother. It IS familiar to all of us in our use of the telephone for transmission of 
Voice data” and of television for transmission of image data. But it is playing an 
increaangly important role in modem data piocessing technology VMiat do we 
mean by the phrase “digital communications system?” What do we mean by 
* facsimile’” How do they work’ And where can they be appbed in Lbranes’ 

Digital Communication 


In Chapter 10 we discussed the concept of an “on-line system”-the dream of 
every data processing specahst for the effective use of his equipment And m 
Chapter 1 1 we discussed various kmds of on-line terminal equipment The most 
important feature of on-line systems u the rapidity with which communication 
can take plaM between the computer and the remote terminal devices-usualiy 
so fast that the person is able to operate at his own rate of speed, without delays 
caused by computer or the process ofcommunicaUon The operation of such 
a system therefore depends on a commumcation system that can economically 
provide the means for transmission of digital data at the necessary speeds 

In a igilal communication system. daU is first encoded, usually m binary 
generated from keyboard operations, such as from a 
punched-tape typewriter, or duectly from existing binary coded data For 
transmission over telephone lines, these codes are then converted into “tones” 
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(« in a •■louth-loiie” tcitplioiit) and ani a. no.mal audio (voict) sounds, sshcn 
received al llie other end of the hnc. they are then teconserled to the oiipna 
binaiy codes Tlie ctucial issue in the desisn of a di£ital communication sys cm 
the -opacity" of the transmission line in terms of the amount “f ‘‘'P 
that can be transmitted in a Ellen leo£th of time, expressed as the 
of Uie channel Tile capacity is irEnilicantly affected by the 
transmission channel, nhich causes errors to occiir in the diEita ‘‘a'a " 

encoding data for transmission IS to provide codes lha m o 

be detected and corrected (The entire field of ••information theory has arisen 
from siudici of these problems in di£iUl communication ) 

Facsimile Communication 

Ever since RCA conducted a demonstration of Ultraf.x at the labr.ry of 
Congress m the early lOSO's, the library profession has 
in the Dossibihtv of using facsimile transmission as a medium for conveying 

to supplement audio eommumcaiioo by telephone 

F.«md. rransmission i. no. a «.« leclmiqn. U has been ^own to .«ny 
years, and long used by newspapers, wne serves. ^S-tmes he U S We. he. 
Bureau, and o.hc, governmenl agencres However, becaus^ c““„n 

bo, h, he eommun, cat, onsf.al,t.es and rermroal equipment requued ilhm 

too expensive to most lih.ar.es ReeenUy. however, charges hare P 
to low volume users, because of ihe rntrodoclron of mexpcn.rre 
facmile systems rhal can send and rece.re documen.s over ordmary, 
voice-giade, telephone lines 


Role of Communication in Library Data Processing 
lurhchbrarysirumiontooreonhe^^^^^^^^ 

c.ti''fuZ;T,s;n"w^u 

nodes for the /"p iZh.ne-re.dabl. 

national centers might maintain central su> arcpc^ to 

cataloging data It could then be posable for any local hbrary to obta.n access to 
.hr. “TeeVomc ea.alog by "dralmg up" .bnrugh .he swi.chmg een.e, and 

I Ad.™, S.o„, -F...n»lc ter rrfwV ' Mm 44 «) (M.y/J.™ 

1953), 1969-172 
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transmitting a remote inquiry from its own terminal. The same machine could 
then later receive a response concerrung the desired catalog data and type it out 
automatically. 

Based on the data received, the hbrary could then request transmission, by 
facsimile, of the documentary pages themselves from the hbrary in the network 
from which they are available. 

Of course, teletype (TWX) has been used for interhbrary digital communica- 
tion for many years However, it is not clear that it really serves a useful 
purpose, nor has the value of faesunde transmission been proven Therefore, 
since neither form of commumtaiionisyet an integral part of library operation, 
several experiments have been earned out to determine how feasible such 
operations would be The state of New York set up a network of 1 6 hbranes and 
provided facihties for facsimile transmission among them * This experiment, 
called FACTS, lasted six memths. The results indicated that facsimile tiansnus- 
sion IS not yet an economic operation This conclusion was generally confirmed 
by the experience of the University of Cahfoinia’s Institute of Library Research 
with another senes of expenments These results indicated that the problems 
arise both with the equipment, its costs, and the proceduies for using them * 

Despite the implications of these expenments, it should be recognized that 
they ate relevant only in the context of today’s technology and library 
procedures. It seems almost certain that, withm the coming five to ten years, this 
context Will have changed significantly , and that facsiirule uansrtussioit will be a 
vital part of hbrary operations 

The Functions in Data Communication 

Such a system requires equipment, aside from the data processing equipment 
Itself, to carry out the functions necessary to data commurncation It is useful to 
divide this equipment into four kinds (Figure 13 1) rerrnuu/ equipment at each 
end for sending and receiving, controllers near the terminals to convert then 
sending signals into communications language, to buffer them into the 
communications line, and later to reconvert them into human readable form at 
the receiving terminal, a commumcalions channel needed to Lnk together the 
controllers and the terimnals, and, finally, a swichutg network 

A tennutal can be a keyboard printer (uach as an electric typewnter or 
telet> pewnter), a key-punch, or a paper-tape typewnter. Terminals, however, are 


* Nebon Auocutes. The Sev For* Sute Lihwy't l^lol Program m the Facumile 
Ttanmuuon of Library MtteriaU New Yak lune 1968 

’ Schicber. Willum D , anJ Ralph M SbotTocr. rete/eenmi/e In /.itvaiex AReportof 
an Ezpenment ui Facumile Transmnuon anj an AnalfUS of Implications for Inlerhbrary 

LoanSyitems. BciLcley. CaUfotnu liuUUife of Library Research. Univenlty of California. 

Itbruaiy 1968 
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Figure 13.1 Scbemalic of communication flow 


not restncted to punting devices They can also include visual display 
equipment, such as a TV scieen, a graphical plotter, a magnetic recording 
station, or a telefacsimile They can even include computers 

A controller is a device that converts the language of the terminal into signals 
compatible with the means of communication It serves as buffer between the 
termmal and the communications channel to keep them synchronized Auto- 
matic error detection and correction cucuits built into the controller guarantee 
the accurate receipt and decoding of signals as sent A controller may also 
provide a means for dialing connection with other specific temunals 

A communications channel is an electneal path of transmission between two 
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or more pomts The channel most familiar to us is the telephone line, new 
transmission techniques permit boUi voice and digital data to be tranmutted 
over the same telephone channel. The capacity and transmission speeds of 
standard telephone lines are limited, however, and consequently the trend has 
been to develop alternate means of communication 

A ^'Itching network is needed because, as the telephone company 
recognized many yean ago, it was neither practical nor economical to connect 
every telephone to every other telephone by direct wire It is equally impractical 
to think that we can connect every hbraiy to every other hbrary by duect line 
Instead, some kind of switching network is needed. Figure 13 2 pictures the 
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wncjy of means of inlciconnccting a nclwink of pomts-onc-io-one many-to- 
one, many-lomany. amj w on In gcnetal, the * * ‘many-to many (switched 
connections)” network is the paiicin of most modem communication systems 
In such svrilclicd nelwoiks. the central node can play many crucial roles (I) 
It serves as the switching point, retransmitting messages from sending stations to 
the desired tcccinng stations (2) It can preside directories and other aids to the 
switching function (3) it can store nussages and accumulate them for later 
transmission m a high-speed “burst ” (4) It can serve as a focal point for 
management of an mtethbrary communication network, including accounting 
for service costs TJie design of a proper communications network depends on a 
clear definition of the traffic load tiiat it must cany In part, this depends on the 
number of messages that must be transmitted, the size or length of each, and 
their distribution m tune and in space Therefore, data on volume of activity 
(traffic load) must be gathcred-point to-poini volumes, peak loads at various 
houn of the day and days of the year, and the like 

transmission Capabilities 

Figure 13 J lists the charactecisiica of a number of methods for transmission, 
including telephone lines of varying capacities as well as channels with broader 
bandwidth AT & T has recently lemoscd its leslrictions against aitaclung 
devices to the tegular telephone network*** This unprecedented change in 
policy Will clear the way for nukets of an array of message and picture 
transmission devices and remote computer terminals Devices such as computers 
and their input and output equipment will simply plug into new units 

However, the "capacity” of telephone bnes for the transfer of data is quite 
limited The capacity of a communication channel itself is measured by its 
“bandwidth” (basically, the number of bits per second that can be transmitted 
over It without an intolerable enor) Input and output devices, with speed 
characteristics of their own, may also impose limits on the useful bandwidth 
attainable by a channel to which they arc directly connected (see Figure 13 4) 
Most of the research in the field of communication has been directed at 
providing means for greater bandwidth transmission methods 

“Microwave,” for example, is the term that describes a “line of sight” 
communications transmission, by radio, capable of providing multichannel 
capacities Microwave is in wide use today, and the common earners depend 
heavily on it for their major routes *X^axial cable” is another higli-capacity 
method, used in transmission of televiaon signals (as in CATV) But no 

* "ATAT opens the door,” Newrotek, September 9, 1968, p 72 

‘ “AT&rs new plug for phone Unes.'*BMt£Ba*H1«Ji:.September 7, I968.p 60 ff 
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I isure I J.J (b> KcpKieniJlne luntt for 
Ulpik A tnAHniuttffl 


TjpcJpjge 

0 5 wc (di£ital) 

Low icwtuiion bU..! white 

(8 sec (difiul) 

facsimile ( 100 liAcs/lnih) 

12 ICC (analog) 

Low lewlullon half tone 

t 3 mm (digiial) 

facumile < 100 lii)ei/m,.h) 

12 Kc (analog) 

ilish lewlulion pboio 

2 2ht(digiUI) 

<1000 linct/incb) 

1/3 hr (analog) 


discussion of the iedinologies peilincnl lo Ubfsiy communication would be 
complete without consideration of ihc tote of lons-range. global communica- 
tions Large-scale use of national libtaiics. regional reference centers, and 
specialiaed infotrualion centers by remote subscribers implies a continual and 
heavy flow of communication itafllc. Tlie newest and most promising 
bigh<apaeity communications channel is the stationary communications 
satellite Tlte Communications Satellite Corporation’s Barly Bird satellite u 
located m a ciiculat equatorial oibit 22,300 miles above the eaith’s surface At 
this distance its speed Veeps it in a stationary portion relative to the earth. 
Consequently, it can be used as a communications channel between any two 
points within its reach A signal beamed to the satellite from one point on the 
ground IS amplified by the satellite and then rebroadcast to its destination By 
1967, COMSAT had placed two new communiations satellites into orbit-one 
positioned over the Atlantic and the other over the Pacific. It is estimated that 
three communications satellites can reach every comer of the globe except for 
the North and South Poles Satellite communications systems with many more 
channels will probably be in operauon in a relatively few years Their effect on 
World-Wide communications will be tremendous and, in time, libraries undoubt- 
edly Will put them to use for both national and international bibliographical 
purposes 

Farther into the future is the use of "Lasers’’ for extremely wide-band 
transmission of as many as three billion (*) bits per second 


Facsimile 

In facsmule transmission, images are transmitted by breaking them up into 
thousands~even millions— of tiny dots that are transmitted as electrical signals 
A phototube scans each imcroscopic area of the document, registenng its relative 
blackness These signals are converted, either mside the facsimile equipment 
Itself or in a Bell System Dataphone, to a form that can be transmitted over 
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Figure 13.4 Appropriate leveta of service 
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telephone lines, radio, or microwave Ute pictuie is reassembled in the receiver, 
vihere the electrical signals recreate the original document, dot by dot In some 
systems, the document is duplicated with the help of an electrostatic device 
similar to that in office copiers 
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Copy Quality 

Copy quality, of couim, depends on how many dots arc sent from transmitter 
to receiver In a higl) resolution system, sudi as that used to send proofs of 
newspaper pages that can go tight on a press, up to 1 S million bits arc sent per 
second Only microwave or a special telephone line can handle this much traffic 
For an office system, 1800 to 4000 bits ate scot per second, which u about as 
much as the ordinary (or voice-grade) telephone line can handle For example, 
LDX equipment comes with 13S or 190 LPl (Unci per mch) resolution The 
1 90 line-pcr-inch machine ptovidet better copy, but at the expense of speed Tlie 
1 35 LPl resolution is normally adequate and does not present a problem unless 
one attempts ttansnussion of pages where type fonts are smaller than six point. 


Speed of Transmission 

The use of facinule systems to provide rapid transfer of information has great 
appeal For example, under current manual procedures, the semce lime for an 
tnterlibntry loan transaction usually lakes over a week. By reorganizing the 
manual procedures leading to delivery via surface transport, it might be possible 
to reduce average service time to one or two days By contrast, the use of 
telefascunile equipment, to replace surface iranspoit, has the potential of 
providing an average service time of less than four hours Such rapid intcrhbrary 
loan service would facilitate new modes of cooperauve sharing and distribution 
of library resources 

Telefacsimile equipment alone, however, is not sufficient to provide this 
service The equipment must be incorporated into a system whose manual 
procedures are efficient enough to take advantage of the rapid transmission 
speeds which the electronic equipment makes possible 

Processing Procedures and their Effects upon Speed 

An assumption underlying the use of facsimile is a presumed ability to 
provide rapid response to requests Its use can therefore be justified only if the 
delivery speed achieved is considered sufficiently important to justify the higher 
costs involved A prime consideration in using facsimile as a means of 
transmitting library materials is therefore how fast the matenal can be placed in 
the hands of the user (the average service tune) 

Four major processing stages are distmguishable in the handling of a request 
(1) manual procedures that involve accepting Uie request, getting the requested 
Item from library shelves, and dehveringit to the transimtting room, (2) waiting 
for transmission, (3) actual tiansirussion of the request, and (4) manual 
procedures following transmission, which arc concerned mainly with notifying 
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the requestor that his material is ready to be picked up The sum of the time 
required to accomplish these four stages is the service time 

Figure 13 S shows the relationship of these diaracteristics in terms of service 
time and processing effort, as found in one facsimile experiment (at the 
University of California)* It shows total service time in terms of its two 
components processing intervals and waiting intervals The processing intervals 
represent the man-machine effort— that is, the time for the staH* and equipment 
to perform some process on the transaction During waiting intervals, no such 
processing is performed From the chart it is apparent that by far the major 
portion of time is spent m waiting. (U is very significant that the elapsed time 
between notification and pickup accounted for 45 percent of the total service 
time from request receipt to pickup ) 

The waiting time for transmission results from the fact that facsimile 
equipment operates at a fixed maximum rate If the demand during a given penod 
of time IS less than this maximum rate, the excess capacity m the 
equipment cannot be used for other purposes and is lost On the other hand, 
excess demand beyond the capacity of the equipment causes the accumulation 
of a backlog— a queue— of material waiting for processing Much of it will, of 
course, be transmuted in periods of low service demand To reduce the waiting 
tune will necessitate providing excess iruchine capacity (at additional cost) 
Unfortunately, m all libraries variation in hourly demand is typical 
During the University of California experiment, this variation caused as much as 
four hours of delay from the time the requested material arrived at the facsimile 
room until it was transnutted, even though the total request volume during the 
experiment amounted to only one-third of the total transmission capacity of the 
equipment 

Delays in the manual processing parts of the operation are caused by the same 
interplay of demand and capacity Capaaty. however, is not so fixed The 
personnel use skills that are similar to those applied to other portions of library 
opetalions As a result, it may be possible to uUlize these personnel for other 
aciiwiics as well as for the telcfacsimilc system when the request rale requires it 
In this kind of situation the additional cost of staff to take care of a high level of 
demand with little delay does not acatc as much lost productive capacity m 
periods of low demand as would be the case if the personnel were dedicated 
solely to ^e telcfacsimilc operation But this sharing of personnel must be 


Costs 

There are two major costs in responding to requests using facsimile 
quipmeni e wsl is the fixed monthly cost regardless of the amount, of 
‘SvhKbci WULaraD.wvlRilphM Sl»ftn*i.«,p tU 
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Ktes for a 48kc channel*, and (3) that each scanner communicates with only one 
printer Information is shown for varying monthly request volumes at each of 
three a\erage request sires Thus, it is useful to show both the cost per page and 
the cost per transaction. (The cost of nonserviced requests is allocated to the 
serviced requests In the experiment the ratio of serviced to nonserviccd requests 
was 4:1) 

Equipment CottL Figure 13.7 gives a summary of representative facsimile 
transmission equipment, and Figure 13 8 furnishes the equation for calculation 
of costs 

Tranmuiton Cos/i Any prediction of total cost of a facsimile system u 
compheated by the fact that tiansmission costs vary so widely, depending on 
local factors, lake equipment costs, there arc two types of charges lecurrmS 
charges (usually expressed in terms of dollars per month) and one-lime 
vnstaiSaticm charges (which are amortized over a given penod) The tjansnuswott 
line charges shown in Figure 137 use the ccmmercial interstate rates for a 48ke 

Figure 13.S TclefacsimiU equipment cost (excluding uansmission link) 


Total monihly equipment cost = 

^equjp ■ 

t^ican * tfscaa * ^prnl “ ^prnl * ^adf * Qadfl 
’’tfwan *fprn« 

*(Cp»jg-'-C’5uppj)x mA 
xCxtra) 


I^anielci 

Experimental 

Value 

Cfctn * monlbty diai£e. each scanner 

1 550 

- number of scanners 

I 

Cprnt ~ monthly cbaife, each printer 

' 650 

On,,., = number of onnters (wbem O..... = On.-,') 

1 

Cadf = monthly charge, each ADF 

40 

Qadf ivumber of automatic document teedeis 

1 

^scan “installatioiicbar^eachscanner 

300 

fpini = installation ebar^ each printer 

450 

R =amaiti 2 atioDpeiKNl,nuinbe(ofinonlhs 

36 

Cpagc = unit cost/914 page I 

05 

Ftr = number of tnnsactKms/manCb 1 

Variable 

A ~ average numbeiofpaees/bansactioii 

Vanable 

^suppi - monthly supply cos^page 

003 

4'xtta =numbetofpagenae»cessof251iO» (JsesD 

Varvable 
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channel (Senes 8000 scnice, formcily TLLPAK “A") The rales for tins service 


as follows 

Mileage 

Cost per mile per inon ih 


0 250 

$1500 


251 - 500 

1050 


501 and up 

7.50 


To be able to transmit facsinuie information, an interface unit (called a "data 
^t" or “modem") is required at each station The cost of each unit is 
approximately S4S0 per month Installation costs ate extremely variable, for this 
reason we have not attempted to estimate them. 

Staff Staff costs fluctuate considerably, de^nding on the metiiod used to 
provide service If requested items ate to be obtained immediately from the 
Selves, are to be Xeroxed, and transmitted promptly, the elapsed time for the 
completion of transactions will be minimized, but staffing costs will be greater 
than with a slower, but mote economical, method in which requests are batched 

Suggested Reading 

Communication is such a lechnicaliy complex field that it is difficult to find 
relatively readable surveys The following, however, seems to provide a start 
Centle, Edgar C, It (ed). Data Communications in Business New Yoilc 
American Telephone and Telegraph Company. 196S 
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Chapter 14 


ADMINISTRATIVE DATA 
PROCESSING 


INTRODUCTION 

Pieviouily, have considered a vanety of background issues related to data 
processing m the libraty-lhc general context, m terms of ptmoplei of good 
management and existing developments throughout the country, the specific 
context of data processing management wiihin the individual hbrary, and the 
nature of the technology involved Now we examine the central issues m library 
data processing-the evaluation of specific library subsystems In this chapter 
(and m Chapters 15 to 18). we shall discuss each of the major areas of 
application of data processing to library clerical operations Then, in the final 
two chapters (Chapters 19 and 20) we shall similarly consider applications to the 
more intellectual aspects of hbrary opeiabon 


Library System Schematic 

Before proceeding, however, let us fit ea^ of these subsystems into the 
framework of a total library system schematic, so that the mterrelationships 
among subsystems can be kept in nund as we consider each in turn As shown in 
Figure 14 1, the library system sUiematic consists of six major functional 
subsystems (administrative, oideniig, catalo^g, Circulation, serials, and 
information services) considered at four levels of processing (administrative, 
financial, mechanical, and intellectual) 
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Functional Division. The division into functional subsystems is fairly obvious 
and consistent with the usual pattern of looking at hbrary operations, except 
perhaps for the “information services” subsystem. This one arises from the new 
opportunities for service which data processing technology provides, especially 
through the increasing availabibty of nationally produced magnetic tape data 
files The others are simply more or less traditional parts of library “techiucal 
services” and library management 

Levels of Processing The division into levels of processing provides a 
relatively simple way of distinguishing between the kinds of processing that are 
somewhat comparable to processes in business (admimstrative and financial), the 
kmds of processing that are specialized to hbrary operation but still are purely 
clerical or mechanical, and the kinds that involve a high degree of intellectual 
content 

Format for System Description 

Each of the chapters ui Part IV presents a description of one of these library 
subsystems. In doing this, the format descnbed below is followed. 

Background This gives a descnption of the general nature of the subsystem, 
with emphasis on its tole in the library and on the funcuona] requirements that 
It must satisfy Specific cntena (both quantitative and quahtative) are presented 
for the evaluation of alternauve methods of meeting those requirements Some 
of the relevant experiments and operational systems in libraries throughout the 
country are reviewed 

Forms and Files. Then the vinous forms and files involved in the subsystem 
are descnbed (in the formats presented in Figures 6 8 and 6 9) The general 
character of file management functions associated with their maintenance are 
discussed 

Processing Scliemalic For the subsystem, as a whole and where feasible for 
individual file management functions, schematics are presented descnbing the 
operation 

Parameters for Estimation. For each subsystem, parameters relevant to 
estimation of processing tunes and costs are presented Where it is possible, 
representative values are provided In addition, as discussed later, an illustrative 
example is used and the values implied by it are listed as well 

Equations for Estimation. For each subsystem, equations for cost estimation 
are presented. These are all examples of the basic model outlined in Chapter 7 
An example is given, showing the application of these equaUons to the evaluaUon 
of alternative systems in a moderately la^ hbrary, using the format of Figure 
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/t muit be iccogiuwj tiuii all of these dcsctipiions and estimates arc only 
illustrative Alihuuj^t \sc feel they arc realistic, they cannot be used to provide 
accurate estinutcs for any particular library At best, they can serve as a starting 
point for ilie analyst in the description of his ovvn library and in evaluation of 
ahcrnatucs 


Allcmative Configurations of E<|uipincni 

To provide a picture of the nature of the alteniaiives for each subsystem, we 
consider three levels and kinds of installation (1) a small hbrary-based, batch 
processing computer system, (2) a larger batch processing system, and (3) a very 
large on line system Each of the latter t*o is representative of what might be 
available from a parent organizaiion or a commercial service bureau 

Small-Scale Library-Based Faciliiy Figure 14 2 lists a typical small-scale 
facility, suitable for considerauon by a libraiy large enough lo justify its oivn 
equipment The internal memory limits the complexity of process that can be 
handled, and computets of tius general size can perform only about 10,000 
operations per second (for instance 100 microseconds add time). The operation 
thust therefore be oriented around batch processing, with extensive card 
handling The external file equipment that can be used with such computen 


Figure 14.2 SmaU-scakbaichpiocessuigcompulet 


t'lp/ipmene Componentt 

Monthly Costs 
(IMlartI 

Computer (with 16,000 chuKicts of internal memory) 

1,800 

Card input, output, and handling 

SOO 

Terminal equipment 

1.000* 

Printer (SOO lines per minute) 

SOO 

Magnetic tape handlers 

2,000 

Magnetic disk unit 

1,000 

Communication lines 


Key-punch units 

200* 


7.000 

Personnel 

Monthly Salanes 

Operating 

3,900 

Supervisory 

1,200 


5,100 


*ln a small-scale facibty, ternimal equipmeot and communication line 
charges will arise only from the oicnlatxm control sub-system and wiU 
funcUon off line 
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tends to be Lnuted both in capaoty and in data-transfei rates The magnetic tape 
they use, for example, will store about 10 million characters, and the tape 
handlers will transfer data at only ISXKX) to 20,000 characters per second, 
magnetic discs will store about S million characters with random access time of 
about 1 second However, the other penpheral equipment— punters, card 
deidces, and the like— are comparable to those Oiat larger computers will use 

Large-Scale Batch Brocesung Facility Figure 14 J lists a normal large-scale 
facility, suitable for use in a fairly large organization Only the very largest 
hbranes can justify a dedicated faality of this size, but many libraries will have 
such facilities available to them from their parent organizations or commercial 
service bureaus. The internal memory is large enough to handle even very 
complex tasks The operatmg speed (usually about 20 microsecond add time) is 
fast enough for a limited degree of “on-line processing,” but for efficiency such 
systems are primarily used for large-scale batch operations External files can be 
maximum performance units valh large capaaues and high data transfer 
rates-up to 150,000 characters per second 

Large-Scale On-Line Processing System. Figure 14 4 lists a very large-scale 
very high-speed system, representing the kind of equipment on which most of 
the speculation about the future role of computing is based The system would 
be found m very large companies, in large universities, and in a computer 
“utility ” Particularly as the latter becomes a reality, libraries of all sizes may 
find themselves using such faalities The size of memory is large enough to 
handle “muluprocessuig” of several tasks at the same time, many of them 
on-line and even interactive, and many of them batch The speed of operation 
(with add times of 1 or 2 microseconds') is fast enough to meet all the needs of 
on-line processing of several simultaneous users The penpheral equipment, 
magnetic tapes, and magnetic disks will have the highest possible performance A 
complete installation will even include one or more subsidiary computers 
operating under the control of the master computer 

Summary of Capacities. These three facilities differ significantly m their 
efficiency (cost/effectiveness) as well as m their mherent capaaty for processing 
and file storage Since, in this chapter and the succeeding ones, we shall make 
rou^ compwnsons of their rebtive perfornunce on Lbrary subsystems, it is 
useful to summanze some tepieienUUve data concerning these differences m 
capaaty These data, necessarily, will be simpbfied and therefore sfiould be 
regarded only as illustrative However, care has been taken to assure that they 
are at least reasonably dose toreably 

One primary issue in evaluating processing capacity is the time for sorting. In 
Qiapter 12. equations for cstinuting sorting time were presented. Here they 
hase been simpUfied and specialized to the three alternative configurauons of 
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Equipmtnl Componenii 

MiMiihly Com 
(Dollan) 

Computer (uith i 28,000 chaiactm of ioicmal memory) 

5,000 

Card input, output, handling 

UOO 

Terminal equipment 

2,000* 

l^tct (1000 lines pet minute) 

800 

Magnetic tape handleit 

4,000 

Magnetic disk units 

4,000 

Communication conuoli 

UOO 

Key-punch units 

1,000 

19,800 

Penonntl 

Monihly Solariet 

Operating 

12,000 

Supervisory 

4.000 

16.000 

•Terminal equipment is limited to cltcubtlon tiansactori and a few on-line 
typeuTiteri 


Figure 144 Large-scale «o-liiiec«mpuier, 


Monthly Cost! 

k^uipmtnl Componentt 

(Dollars) 

Computet (with 1 million chaiaetersof inicrnai memory 

50,000 

Peripheral Input-output (card equipment, ptintcrs, etc.) 

10,000 

Tcimmal equipment 

10,000 

Magnetic tape handlers 

10,000 

Magnetic disk units 

20,000 

Communication line 


Communication conttols 

10,000 

Subsidiary, slave computcii 

30,000 

140.000 

Personnel 

Monthly Salaries 

Operating 

37,000 

Systems programming 

20,000 

Supervisory 

13.000 

70.000 


•Communication Une chaigei depend on the TOlutne of tiaffic and the 
geographic distances (See Chapter 13 foi a discussion of the typical costs ) 
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the equipment. Figure 14 5 presents them graphically by the ranges of times for 
sorting batches of vanous sizes (expressed in terms of “number of characters in 

batch”)-* 

Fortunately for the computer user, manufacturers provide the user with 
vanous software paeVag^s that indude the soil generator routines necessary to 
meet sorting requuements, manufactuieis also provide sort -timing tables, graphs, 
and formulas like those m Figure 14 5 * The most important single factor in 
such tiimng estimates for library appbeation is the rate of transfer from magnetic 
tape mto memory, and out to tape after processing Computer manufacturers 
estimate the character (or digit) per second transfer rate to magnetic tape units, 
calculated on the basis of the tape running continuously, from the very 
beginning of a reel to end, without any stops occurring until the entire tape has 
been read. The actual transfer rate is determined by this basic data-transfer rate, 
the size of blocks, and the degree to which reading from an input tape can be 
overlapped with wnting the output tape Figure 14 6 provides estimates of these, 
for the vanous sizes of files and for each level of equipment. 

Another pnmary issue is the tune for processing a simple “record up-date ” In 
general, a transaction will affect several totals recorded m the stored records 
involved. The tune to carry out the simple computations vs therefore dependent 
on the basic add time of the computer and the number of totals affected A 
typical “record up-date operation” is diagrammed in Figure 14 7 Included are 
estimates of the tune for executing such an opention 

Normally, the easiest to estimate of all computer-system running times are 
the timings that occur as a result of input or output 'Hie estimate is calculated 
as an elementary division problem as described below ’ 

(a) For a card read operation estimate 

Volume of cards to be read 

Cud it.dcrnud speed (cpmf pra“™E 

(b) For a card punch operation estimate- 

Volume of cards to be punched 

CiTd punch need speed (cpni) =■>““<'> of proasssms 

(c) For a print operation estimate 

Number of lines to be printed 
Pn'^eelTedTpeedOpn,) - oooofs of ptocess.ng 

• SofiingTechniquet W'hile Plami, New York iBM (C20-16S9) 

’ Syttem J60 Operating Syiltm Sotl fUerge) While Flams. New YotV. IBM N® 

S}60-3}(C 28-«S43-3) 

* KudUnski. Junes R. ‘'Eitimatma Compgtei System Running Tune," m 

rrpctauig Syuems Encyclopedia Detroit AnwtKui Data Processing, tne , Scpt£mt>« 

t965.rp 2I-3> 
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Figure 14.7 Typical reco«d-upda«e opeiaUw* (and proccisuig tune) 


Thesecstimatesalsocanbeexptessedintennsof^aracters 

Another i.rue afftomg prooerong op.oty » the degree of maepenaence 
among componenti-thal U, to wh"* ament eaoh eomponent nr t.ed-up or 
eomrmtled Long the execouon Imre, required by other eomponents For 
example, durmg the tune reqmr.d for carf Input, the e.rd ...del re of oourre 
completely conun.tted, but the computer may be comnutted for only a 
percentage of the tame t.m. The srxe of tot percentage dependt partly on the 
relatrve meed of opetat.on of drlletent demcca, p.rOy on the avm^abd.ty of 
rndependent buffers, control., and eommunicatron hues, and partly on to 
number of rndependent tasks that can be proeessed at the same time Generally, 
of course the larger the eompuiei, to greater la to degree of independence m 
operation' B.sieally, the amalUoale batdi computer allows a bare rmnimum of 
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independent operation, especially in the context of library tasks, which involve 
primarily mput-output and file handling operations with only limited process- 
mg. The large-scale batch computet may have capacity for as many as 10 
simultaneous tasks— with the library perhaps only one of the users-and can 
provide a high degree of independent operation of peripheral equipment, on the 
average, because of variation in work load, it ini^t be expected that five tasks 
will be processed simultaneously. The large-scale, on-line computer has capacity 
for perhaps 50 simultaneous tasks although, again on the average, only 25 might 
be processed at a time 

The three facilities might compare with one another in approximately the 
ratios shown in Figure 14 8. 


Figure 14.8 Cocnpetiion of computei systems 



Cost 

Computing 

Capacity 

File 

Capacity 

Input-Output 

Capacity 

SmaU-Sule Batch 

1 




Large-Scale Batch 

3 

10 



Large-Scale On-Line 

20 

400 

100 

25 


Figure 14 9 summarizes the typical charactensucs for the three levels of 
equipment, including estimates of the degrees of independence and resulting 
basis for charging for computer lime We shaU use these m subsequent estimates 
for the processing times and costs of the three levels of computer facihties on 
each library subsystem 

For purposes of testing the approach to estimation and for comparison with 
the computer based methods, tlie comparable charactensucs of a manual system 
and a punched card system are given in Figure 14.10 

Illustrative Example 

In this chapter and subsequent ones, the use of parameters and equations for 
estimation of processing times and costs are illustrated by an example of a fairly 
large library Its charactensucs arc shown m Figure 14 II The data-processmg 
load that such a library creates js summarized in Figure 14 1 2, in terms of each 
of the three alternative computer configurations and the comparative manual 
and punched card system 

As we pointed out earber, this comparison is intended only as iJlustraUve. In 
particular, it considers only direct cosu and only those for which comparison is 
possible. M a result, the total salaries for the manual system ($19,197/mo ) are 
at most 20% of the total salary budget for 200 full-time staff. 
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2000 
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chai/tec 
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char/sec 

(rtpfCKnUuve operitioAt) 

230/tec 

2300/»ec 

:5.000/see 

njo * Sorting late (average) 
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char/sec 
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chat/Kc 
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6000/hour 

6000/houi 
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Cf ° Coil of File Availability 
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3 005 /hour 

C[ BCostofkcy-boaidlng 

33/hour 
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Processing Rales 

Rjo “ Input-output rate 

Rus^ File update rate 

to char/sec 

200 char/sec 
100 char/sec 

Reg” Processing rate 

(for a lepresentative opeiatton) 

01/«c 

1/sec 

i?50» Sorting rate 

(typical batch of 300 chaisctei 

lOtec^ui 

30rec/min 

records) 

Rgt “ Key-boarding rate 

10.000/bOuT 

6000/houi 

Rfi = File interrogation rate 

03/sec 

03/sec 

Rco = File collation rate 

100 char/sec 

200 char/sec 
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Allocation of Excess Capacity. As Figure 14 1 2 shows, the woik load on even 
the small-scale batch-processing system does not completely cover the operating 
costs of the facihty itself (Figure 14 2) There is thus an excess of capacity, and 
the problems discussed m Qiapter 7, concerning how the uncovered cost should 
be allocated, become very important If this cost is allocated proportionally to 
the directly attributable costs, the cost/effectiveness values presented ifl 
subsequent chapters must be conespondingly increased 

Figure 14.11 llluatralive Lbrary 


Sue of coUecUoQ 

1400.000 volumes 

Size of staff 

200 people 

Circulation 

100.000/month 

AcquisiUant 

S.OOO/month 

Size of catalog 


Number of teruU 

25,000 senaU 

Yearly Budget 

S24 00.000 


These issues also anse m the operation of larger-scale facilities. As Figure 
14 12 shows, even a large Lbrary would use only a very small percentage of Iheir 
capacities. Such facilities therefore can serve a large number of users, although 
the likelihood is that they will still have excess capacities uncovered by the total 
charges for direct time of all usen It is likely that such "overhead” vnll be 
^ocated m proportion to total usage, but frequently small users will bear a 
heavier proportional load 

Cosr of On-Line Availability A second issue anses with respect to the costs 
displayed in Figure 14 12 Since they reflect only the charges for the time of 
actual utilization of the computer, they do not include any allocation for the 
costs of on-line availability Of course, this issue is not relevant with respect to 
the small-scale system, which operates only in a batch mode For the other two 
systems, however, it is especiaUy important, and an understanding of these costs 
Will provide significant insight into (he problems mvolved in on-lme operation 

First, on-lme operation requues an operatmg system appreciably more 
sophisticated than does batch opcraUon This results m an increase, even to 
oubie, m the amount of mtemal memory devoted to the operating system— 
from 50,000 characters without on-lme opetaUon to 100,000 characters with if. 
tor example The result u a reduction tn the amount of memory available for 
production programs 

Second, the dedication of any portion of this available memory to one user 
makes it unavailable to other users The most reasonable and hkely basis for 
estimatmg the cost of on-hne availabihly is therefore to denve it from the 
proportion of available memory which is consumed. If 100 percent of the 
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Figuie 14.12 Summuy of monihly ptocciUnt lo»J. iUutUitne libtwy 
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charactera of memoT, the available memoty would be reduced from 75,000 
ch“. to o"ly 25%0 Thtaaemamutg memory ta Oter.f.r. a v.o. prec.oua 
commodity. If the hbtary requuea onjme ayatlabih.y of the computer, major 

' A ..p,e„UO.e r.m..U for elumj™ w» m.-M .. UCLA (Cmrpu. Comp.lmg 

Network.flirS,VotlII.No 10, March 5. 1969) 

Chaige = $04(r+ 020/){l+ 004/<) 

Where T = CPV dedicated time in second*. / = number of input/output requests, and 
R = size of memory dedicated to ta*lc.ejcptetied m thousands of bytes 
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portion of Its operating programs must be stored in the internal memory and the 
rest must be readily accessibly in direct access files Everything indicates that 
this would mean devotmg all 25,000 characters to the library— in effect, a 
dedication of the entire computer to the library, even though it may really use 
only 1 0 percent of its capacity It is for this reason that such a facility has been 
regarded solely as a batch-processing one, even though its basic operating speeds 
would allow it to handle on-line interrogations 

For the large-scale on-line facility, with 1 million characters of memory, the 
situation is quite different The on4ine operatmg system, usmg lOOflOO 
characters, would leave 900,000 characters for production programs However, it 
must be tecogmzed that internal memoiy is still a precious commodity If the 
hbrary s programs consume 25,000 to 50,000 characters, this will mean charging 
the library about 3 to S percent of the total costs of the facility, over and above 
Its direct charges for actual utilization 

If this method of costing is applied, the cost of on-line operation would be 
increased by about S8000 per month Of course, this cost might be distnbuted 
across a large number of libraries that were all customers of the single 
installauon However, these effects must be recogmzed. 


Assignment of Responsibilities 

The issue of excess capacity (or even, m some cases, deficiencies in capacity) 
implicitly raises a most important consideration, relevant to each of the 
subsystems bemg considered Who does what’ Libraries rarely exist independent 
of other institutions Usually they arc part of some larger organization, with its 
own data processing requirements and frequently even its own installation of 
processing equipment A most significant decision, then, is which functions 
(i any) are to be handled on the library’s own “dedicated” equipment, which 
uncuons are to be handled on the equipment of the parent organization, and 
whi^ functions may be conUacted to commercial service bureaus 

Thj^s issue IS most evident with respect to the subsystem to be considered m 
this chapter-the administrative subsystem. Ftequentiy. if not usually, there wiU 
not even be a decision problem the parent organization traditionally assumes 
responsibility for all administrative, financial, and managerial accounting In 
tact, smee this is so frequently the case, it might be considered that the 
admmistrative subsystem is laclevant to Lbiaiy data processme However, the 
^ue of system evaluation is still relevant, wherever the processing will be done 
i-urthermore. the Ubraiy has its own needs for admimstrahve data and must be 
c ear y ^ware of the nature of the data processing requirements they represent, 
e en if they may be satisfied elsewhere For the other subsystems, on the other 
hand, the decision problem is highly relevant 
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administrative data processing subsystem 

it IS useful to start out discussrons of library subsystems with administrative 
data processing because, of all of them, il is the most nearly comparable to those 
that one finds m a typical small business Thus there is a considerable amount of 
existing expertise, procedures, experience, and basis for evaluation on which to 
draw Oa the other hand, there is a remarkable lack of descriptive information 
concerning library administrative data processing recorded in the librajy 
literature It is almost as if It were regarded as beneath the librarian’s position 
to be concerned with such mundane issues as personnel records, payroll, 
purchasing, and accounting Yet. the facts ace that wrhether or not the librarian 
hunself IS responsible for the actual data processing work in these areas, the ways 
m which they are done have a direct and immediate impact on the library and its 
professional responsibilities 

General Nature of Administrative Data Processing 

The files and functions in administrauve data processing can be conveniently 
grouped into three categories (1) those concerned with financial issues. (2) 
those concerned with personnel, and (3) those concerned with management 

Finencul Issues The hbtanaft is tesponable for management of and 
accounting for a number of kinds of funds book funds, expenses, and capital 
investment, for example He must prepare a budget to cover the Lbrary’s 
requirements for funds; he must control the way m which that budget is spent, 
he must pay for what is received, and he must be accounlable for the results 
Accounts must be kept which record all souices of income and disbursements of 
funds, books and supplies must be purchased, and the vendors must be paid, 
reports must be prepared to desenbe and to justify how money was used, and 
the data from past experience must be used to determine what the future 
requirements will be All of this requires the maintenance and use of files of 
data 


* Wheeler. Joseph L, iniHttiieUCtMkOE.PnKUcelAdmimsiralionofPubltclibrartet 
New York Harper and Row, 1962 

* Wilson, Louis Round, and Maurice F Tanbei, The UniverEity Library, 2nd Ed New 

York Columbia University Press. 1956. pp lOl-lOS 

^Wright K A.Publii Library Finance end AceounCutg. Ammeui Libtuy AuouiUon. 
1943 

* YabroK. Arthur, A Surrey of the Butmeu Records and Procedures of the Racxne 
fubhc Library Racine. Wisconsin' Public Library. 1951 
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Personnel Issues. The hbraiy is stafled with professional libranans, technical 
personnel, clerks, and hourly emjdoyees. Hiey must be hired, assigned to work, 
and paid, their costs must be aUocated to one or another financial account 
Reports must be made to the government and to library management This also 
requires the maintenance and use of files of data. 

Management Issues. The managrmenl of a library requires reports that can 
only be obtained from the piocessmg of large quantities of data— inventory 
control, cost accounUng, assignment of work loads and planiung for production, 
and mamtenanoe of statistics for measurement of performance Again, as we 
shall discuss, this requires the maintenance and use of files of data 

Qualitative Oiaracter of the Library 

In reviewmg these aspects of adnutusuative data processing, there are the 
following speaal characteristics about the library that must be kept in mind 

Nonprofit Most Lbranes (and especially public, school, and academic 
teseatch libianes) are nonprofit organizations Thtiefoit, some of the practices 
appropriate to profit-making corporations are simply not applicable This hss 
been most evident m the histone differences m handling direct and indirect 
costs, with nonprofit corporations tending to put a fat higher petcentage of 
expenditures mto direct costs. It is also eisdent in the infrequent use of 
“depreciation" ui Lbrary accounting, presumably because, in contrast to a 
business, there is no reason tor concern with the tax advantages that 
depreciation offers. (To an extent, it is a pity that nonprofit and particularly 
public institutions do not handle their accounUng as do private insUtuUons. The 
lack of any le^ indication of the sizable capital investment they represent makes 
them appear to be "tax sinks” rather than the producUve elements of society 
that they are ) 

Service. Libraries are service insbtutions and, actually, provide a most 
inUngible kmd of service uifoimaUon Consequently, there are agmficant 
differences from the accounting practices in manufactuting organizations To an 
extent, there are now appearing on the scene commercial organizations with 
comparable accounUng needs— the computer service bureaus, the “information 
industry” and the like 

Nonindependence. Few bbranes exist as independent entities Most libraries 
are a part of a university, a govcminmtal agency, a school, or a company. The 
accounting practices that they must foBow ate almost certain to be those of the 
parent msutution In fact, as we Iiave pouited out, they usually will be earned 
out by the parent institution itself 
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Msurt 14.13 RcbtivatlMioflibttficikiidcoinpuiJM. 


Lmployeei 
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80 
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14 
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31 

43 
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6 
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2.1 

1.009 

4 

ISO-499 


5 

359 

1 5 

500- 2500 

2 

.3 

310 

9 

ISOOiip 

0 

0 

28 

1 

Total 
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1000 

24.509 
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Quantitative Character of the library 

Some perspective on the size* of libianes is provided by the comparison 
(Figuie 14 13) of libraries in general with manufactunng companies As the 

* Brault. Nancy W . "Slatistlc* on ihe Libtanes of the State of Caljforma,” in 
Mechanntd Information Semctt m Cabfamla Aibbc tibranes Los Angeles Institute of 
Library Research, University of California. January 31, 1968 

Centui of Manufacturers California US Department of Commerce, Bureau of the 
Census, 1960 
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figure shows, libraries are really quite small m size, a large library has a staff of 
500 to 1000 (and a budget of only $5 million to $10 million) As a result, if 
only the standard accounting functions were being considered, at most a small 
level of computmg capacity would be requited This becomes very clear as we 
consider the workload represented by, for example, the library’s payroll 

On the other hand, as we shall observe m subsequent chapters, the services of 
the library mvolve a high work load of data processing, especially m terms of the 
sizes of files. For example, the catalog of a library can be as large as 10’ to 10'® 
characters— a size that stretches the capacity of present technology Even 
operations such as serial records maintenance, which is somewhat analogous to 
inventory control, are much larger processing tasks than their counterparts in 
manufactunng companies of comparable size As a result, data processing is 
certain to be considerably mote expensive for a hbrary than for an industnal 
concern In a sense, it becomes comparable to mechanising the manufactunng 
process and not just the paper woik. 


FINANCIAL DATA PROCESSING 


Fmancial data processing involves the normal accounting or bookkeeping 
functions, the control of purchasing, the payment of bills The objective is to 
maintain a record of each ej^iendiiure against a library budgeury account Each 
fund must be encumbered at the time that even a tentauve commitment is made, 
and then the records must be leconaled with the actual amounts paid agamst 
invoices or vouchers Major library accounts should be subdivided into 
allocations small enough for control by oiganizational units assigned responsibil- 
ity for specific categories of expenditures To make this effecUve, regular, 
periodic reports must be prepared to assist each of these organizational umts m 
their efforts to control expenditures, and the accounting structure must be 
coordinated with the budgeting foimat 

Means should be provided for projecting probable patterns of expenditure 
throu^ the end of the fiscal year, based on histoncal experience. To do this, the 
accoun^g module should provide a vanety of special staustical summanes as 
required dunng the year 

The operation of the hbrary’s accounting aibsystem is dependent on at least 
wo other modules the penonnel-proccssmg module (also discussed in this 
Chapter) and the order-processing module (discussed in Chapter 1 6) 


Forms and Files 


Figure 1*^4 Usts some of the forms and files required in a hbrary accounting 
subsystem. The files are presented m detail m Figures 14 14(j) to (c) One is 



Itgutt U.t4 lurmianJfiteiiAwcounlinxoiDJuki. 


Fi BiJ^nreSficcfAccouitlililA hiithtit DtJtr Form 
F'] l%i{ch*^ OtJcr i'tle VoutlKrro/m 
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central-the “Balance Sheet Accounts File ” It is the ultimate means by which 
the hbrary controls the distribution of funds The results of all fmanci^ 
transactions must be recorded in this file, and the data stored m it becomes e 
basis for all estimations of budget. Hie other forms and files control e 
commitment and payment of funds to agencies outside the library . 

Bookkeeping The Balance Sheet Accounts File stores financial data ifl 
considerable detail, for the library as a whole as well as for separate hbraiy 
subdivisions and departments, by budgetary classes Figure 14.15 lists typic 
budgetary classes (bookkeeping accounts), and Figure 14.16 shows the kind o 
data in a representative record in the file of accounts A chart of accounts might 
include as many as 40 or 50 separate records for each of 20 or 30 library 
subdivisions and departments (a file totaling about 164,000 characters) 1 
separate book fund accounts arc included here in addition to bemg part of the 
“Book Ordering Subsystem,” they could add another 100 or 200 records These 
records are used to provide accounting of expenditures in comparison with the 
budget by time period For purposes of budgetary control and estimation o 
future budgets, a variety of reports (such as shown in Figure 14 17) are 
produced, giving variances from the budget in companson with previous time 
periods and planned expenditure rates. 


Figure 14 1$ Represeplauve bookeeping accounts 


Salary Related A ecountt 
SaUnei 
Payroll taxes 
Pension fund 
Insurance 
Social Security 
Supphet Account! 

Office supplies 
Book preparation supplies 
Automotive supplies 
Building maintenance supplies 
Pnnhng and Reproduction Accounts 
Office copying equipment 
Printed forms 
Reports 


FaciUiy Accounts 
Rent 
Utilities 

Construction materials 
Motor vehicles 
Book Accounts 
Financial A ccounis 
Cash 

Accounts payable 
Accounts receivable 
DeprecuUon 


Office Expense Accounts 
Postage 

Telephone and communicatioo 
Office services 
Office equipment, puichase 
Odice equipment, rental 








Figure 14 16a Account reconi 


One cruciiJ concept jn modern ^stems for prowdmg such information to 
management is the use of “exception reporting 'The aim is to place much of 
the burden of pinpomting problem areas on the computer Thus, if expenditure 
rates m a given budgetary account are within reasonable Urmts of the planned 
rates, there is little reason to do mote than report that fact But where they 
differ significantly from planned rates, management should be alerted This is 

" Billet, LesterR,Afii'ifl?einenf6y£Mepn<wi NewYot). McGr»w-HiU, 1964 
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Figuic 14.17 Bookkeeping revolts. 

1 Trend reports, comparing activity over a 
period of tune 

2 Analytic3irepQrts,afialysuigchanses 

3 Companson reports among departments 

4 Percentage expenditure analysis 
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be« Jone by a report that mctuiki only the exception}, the departurci from 
expectation, the problem areai 

A achematic of the proccutng fot bookkeeping li shown in Figure J-J 18 The 
aources of data include budgets for each department, records of appropnations 
of funds, purchase orders and oilier commitmenta, vouchers or invoices and 
other records of actual payments, and records of prior history The computer 
proccuing itself is relatively uncomplicated, involving simply doubIe<ntry 
posting of changes to accounts with additions to and subtraction from existing 
amounts 




risiuel4.l8 SchematKof data pioccsung in bookkeeping 

Purchasing The function of the **purchasing module" is to control the extent 
of commitments against library funds for other than acquisitions (the “ordering 
subsystem" covering the commitments against book funds). It includes checking 
requisitions and orden, securing quotations where necessary, issuing purchase 
orders, scheduling debveries, checking receipts and venfying invoices, and 
corresponding with vendors. The basic fik is the “Purchase Order File” 
described m Figure 14 14(b), a record in this file is as shown in Figure 14 19 
Each record represents an outstanding purchase order, against which receipts are 
to be matched As ordered items arc received, they must be checked against the 
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Figutel4 19a Piucbaseotder journal record 


purchase order for both quantity and quabty. the prices, terms, and discounts on 
the invoice must be venfied, and the purchase order journal record must be 
updated 

The size of the purchase order file will, of course, depend on the number of 
ouutanding orders at any one time, the number of Ime items on each order, and 
the number of mvoices ReprescnUtivc figures might be- 1000 outstanding 
invoices. 5 Ime items each, and 2 shipments each Under these conditions, the 
file would contam about 328,000 characters 
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Study 

Figure I4.l9li 

Accounts Payable The function ol the “accounts payable module” is to 
handle the actual payments to vendois and to maintain records for the 
cumraubUve status of vendor accounts The basic file is the set of vendor 
records (Figure 14 20) A schematic of the proceastng for accounts payable is 
shown in Figure 14.21 The sources of data include purchase orders, vouchers 
(forms that substantiate financial liability and confirm receipt of matenal), cash 
disbursement and “credit received” records. paM cumulative records, and other 
history 




446 Admuiutrative DaU Processing 






1 Inandal D«ta Proceuin| 447 



Ki^n I4JI ScHein«iicofKc«unitpayal>l« 


number of otder>an4 invoice}, and the number of paymenti With 1000 vendors 
(each With an average for a year's hutorical record of 10 orders, 20 invoices, and 
S payments), the file would contain 900,000 characters 

Parameters for Estimatian 

Each of the three basic financial files that we have discussed is relatively 
small. (The Bookkeeping File might be as large as 165,000 characters, the 
Purchase Order File, 330,000 characters, and the accounts payable file, 900,000 
characters ) File creation (conversion), therefore, represents a minor considera* 
tion in evaluating the work load, “File Intenogation" is primarily handled 
through the use of pimted reports “Maintenance” and “Reporting” are 
therefore the primary considerations in evaluatuig the work load For each of 
these two file management functions, processing time estimates must be 
developed Figure 12 22 summanres the relevant parameters The processmg 
load is primarily determmed by the number of financial transactions and file 
record reports each month and the processing time required for each For 
illustrative purposes, these have been summed across the three files, to provide 
the estimates shown m Figure 14 23 In developmg these, some assumptions were 
made, of course, for accurate estimation, these dau would need to beexarmned 
in detail, in the context of the specific library 
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Figure 14 22 Parameters for estinution (rmancial data processmg) 



Representative 

Values 

Illustration 

1 Amounts of Aclnily (perMonth) 

Vj Number of purchase orders 



Fj Number of mvoice vouchers 


200 

Fa Number of financial transactions 


400 

Fa Number of batch runs 


4 

Fj Number of mterragations 


0 

2 Sue of Records into Files fm Characiers) 

R 1 BooLkeepmg account record 

145 


Ri Purchase order record 

328 

328 

Ri Vendor record 

927 

927 

3 Number of Records 

Ni Balance sheet accounts file 


1000 

Ni Purchase order file 


1000 

Ni Accounts payable fde 


1000 

4 Sue of Output (Lines per Formf 

0\ Checks to vendors 



0i Reports (pec entry) 

1 

1 

Oj Purchase orders 

n 

11 


Esnmates of Key-Punchwg Tune andlnput The data for financial processing 
comes pnmaniy from data required for other operations, and therefore it is 
assumed that the key-punchmg and input will have been done as part of them 
(that IS, the library is treated as an integrated system) 

Estimates of Sorting Time. Since the nature of fmancial accounting does not 
require high-speed on-line access, batch processmg once a week should be 
completely adequate To do this efliaently with large-scale computers, it is 
necessary to sort transactions into order by the identification of file records 
affected (budgetary account, purchase order number, and vendor number), 
frequently, a given transaction anecting several files will be sorted two or three 
times For the small-scale computet system, the sorting times are usually so 
great that direct -access processmg may be more efficient. 

The time required to sort transactions is determmed by the size of the batch 
to be sorted, the size (number of characten) of each transaction, and the 
method of sorUng. Representative sort tunes for each of the three levels of 
equipment have been shown m Figure 143. 

Sortmg IS also reqmied as pari of the preparation of reports The ume to do 
this IS detennmed by the number of file records to be mcluded m each sort. For 
purposes of estimation, it has been assumed that every file record will appear m 
at least one lAceUy report 
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Estimates of File Access. Given the sizes of the three basic financial files, the 
only remaining issue in estimating file access is the frequency of file update 
(which has been assumed as weeUy), since this determines the batch size in file 
searchmg 

Estimates of Computing In general, a given transaction will affect at least one 
record m each of the three financial files It has therefore been estimated m 
Figure 14 23 that about three file update operations, comparable to that shown 
m Figure 14.7, will be required per transaction Dunng reporting, each file 
record will afi'ect several subtotals. Thus it has been estimated in Figure 14 23 
that about two operations (comparable to that shown in Figure 14 7) will be 
required per file record. 

Estimates of Output Transactions that affect file records usually result in 
some form of output— for mstance, a check, an error report, or an mstruction to 
staff personnel In Figure 14.23, this has been estimated at one line of printed 
output pet transaction. For file reporting, the estimate is two lines of printed 
output per file record, each repotting period 

Estimates of Component Costt For each of the three systems of equipment, 
It has been assumed that the costs would cover a two-shift operauon, averaging 
400 hours per month of productive workmg lime 

Estimates of Traffic Load. The crucial issues are the number of financial 
transactions. If, to be handled each month and the number of file records, U. 
to be reported on If each file record is reported on each week, then K* would be 
four limes the number of actual file records. To illustrate with If = 1000 and 
Vg = 12^)00, the three systems would compare as shown in Figure 14 23 (direct 
costs only) 


PERSONNEL DATA PROCESSING 

Regulations, procedures, records, and other aspects of daU processing are as 
necessary m personnel management as m other parts of hbraiy management. AH 
Ubranes must have personnel uifomiabon centralized, confidenUal, and adequate 
for efiiaent operation The admmistraUve forms include, for example 

1 Employment applications, mduding personal history records. 

2 References and mtemew reports 

3 Changes of sUtus, vacations, and leaves of absence. 

4 Service reports 

5 Performance evaluations 
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The payiult forms include, for example 

1 Payroll records 

2 Checks 


3 Payroll reports 

Of cou.«. admin, t.coid. am nmally iloraJ m pamonncl doasicra m 
than ongmal fom, llo»a>ar. a good daal of lha mformat.on taco, dad on them 
could be afrccttvcly uliliaad if Sloted oti tmenalm tape ftlal Lilmg, of pctsonncl 
can be ptepatad fo, a steal vat.aly of putpotat. idenl.ficalton of dtosa 
ipeeetlacd ikilll can be aided thtoush compute, '2 

of the chataete, Utica of dtffetent cataEone. of peuonnel can be aaady ptodoeed, 

and necessary personnel actions can be automatically fiencrate ii.r.hA 

•nie personnel data processing subsystem, therefore, shou d include all of Ih 
functions necessary for ituintammg personnel records, disp ay g 
resources, predicting future personnel needs, and reporting as 
library management and by adimmsttative departments wi i ^ n 

institution It should provide all of the necessary time keeping 
categories of library employees The system should provide. 

regular periodic reports, infortrution necessary for nuking a vari y ^ , ^ 

decisions It should provide sUlutical summaries of data. ^*"^8 " 
meaningful ways the character of the library wotk force and its distnbuuon 

'"‘S,l''of‘‘.h.7unc.,ou. ecu be dcsteu.d fo occu. .t rcsttUt 

Howeve, tt t, »ut.cipi.tcd tint thou «dl be bccuouitl need! for speml 

summary reports prepared from the up-to-date files 


Forms and Files 

Fieote 14 24 htt, tome of the fonns eud Pdes teqttited m a hbtaty petsonnel 
inbsystem. PiEotet 14,24(«) and (b) pteseut delailt on Uie rdet. 

Figure 14 24 Personnet fonn i and Rlei 

Fetsonnel File 

Appliczuon foims 
Inlerviewf and lefcrences 
Appouilmenli, transfen, promotions 
Peirotmance latings 
Fi Payroll Recoids File 
Tune records 

Ctiecks uaied to employees 
PayroU change recoids 
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Penonnet Recordi. Figure 14^ hsu the kind of daU to be found m a 
t«rsoMel record. ImUaUy. the dau wiU come from an applicauon form: it will 
then be updated from interviews, references, changes m sUtus, and the hke 
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Payroll Figure 14 26 lists typical fields of a payroll record Figure 14 27 
shows a normal payroll change record, and Figure 14 28 shows typical reports to 
be produced from them Figure 14 29 presents a schematic of the processing 
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figure 14.28 P«>toll rcpotli- 


Minagemenl Repoflt (numbet of eniplo)ce«. average 
hour! vkoiLeJ. average eatninga, turnover rates, absentee 
talcs ) 

Cotentmenl RtpornO ICA uilhoUins taxes) 
OiAerOuriUe/tepoNtfpenuoa.innranee ) 

Coir A ccounlint (vtlsUibuuon) 


additions to staff, speaal situations (sucU as vocation), and changes in status 
Generally, these affect as many as 10 percent of the records per month. A 
typical change transaction is estimated at 80 characters Other input is the set of 
time reports, which for hourly employees can be provided by prepunched time 
cards 

SswMfes of Soritng Time Personnel data processing docs not require 
high-speed on-line processing Usually, personnel records will be updated twice a 
month (or perhaps biweekly) The volume of transactions is small enough so that 
sorting IS either unnecessary or of negligible coss in time 

Euimatex of File Accest The estimations of file access time are determined 
by the frequency of file update For the esumates in Figure 1430, this has been 
assumed to be a twice a month A typical personnel record can involve as much 



Figure 14 29 SctiematKofpqnoUdatapiocesung 
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Figure 14.30 Parameters foi estimntion personnel data processing 



RepRsenlative 

Value 

lUustraUon 

1 Amounts of Actmtj/ (per Month) 

Vi Number of payroll runs 

2 


Vj Number of changes 


20 

Fj Number of interiogations 

2. Sise of Records into Files 

R4 Personnel record 

3194 

3200 

Rs Payroll record 

1079 

1100 

Rft Payroll change record 

80 

80 

3 A’um&er of Records 

Number of employees 


200 

4 5iie of Output (Lines per Form) 

Oi Checks to employees 


s 

Oi Reports 


400 


at 3200 characters, a payroll record can involve 1100 characters per payroll 
period With 200 employees, these files might contain, respectively, 640,000 
characters and 220,000 characters 

Estimates of Computing. The prunary computational load is imposed by 
payroll calculations For the estimates m Figure U^l.thishas been assumed to 
be five file update operations, comparable to that shown m Figure 14 7, for each 
paytoU fecoid 

Estimates of Output The printing of payroll checks is the major output 
requirement In Figure 1431 this has been assumed to mvolve five lines of 
pnnting per check In addition, there are penodic reports (FJCA, witholding tax. 
and the like), but these add up to less of a pnnting load by an order of 
magnitude Finally, if prepunched lime cards arc used, they must also be output 

Estimates of Computing Each line entry of tune data will involve two or 
three totals for each of four or five kinds of accounts, representing perhaps one 
fde update operation comparable to that shown m Figure 14 7 


MANAGEMENT DATA PROCESSING 

In Chapter 3, we discussed scientific management The kinds of rnodels 
discussed there are only efiective if there is accurate, up-to-date, and sufficient 
dau available about the libraiy and ite operatiooi In Chapter 4, we discussed 





















472 Administrative Data Pioceuing 


the general nature of bbrary cost accounting as one of the primary sources of 
such data. The financial accounts, the “in-ptocess” file, and the circulation 
records are other sources. From them, reports can be provided to the bbrary 
management for control of operations 


General Nature of Management Data Processing 

Cost Accounting As discussed in Chapter 4, the objectives of cost accounting 
are to provide reports of the cost of each process and job order in the bbrary 
These would include companions of actual costs with standard costs and reports 
on the efficiency of each depariment. 

Figure 1432 presents a schematic of operations in a cost accounting system 
The sources of data in a cost accounting system include employee payroll data, 
employee job tickets, and standard cost and lime data For each employee, 
production records must be maintained, usually daily The files are usually 
historical and $tandaid<ost data The reporting funcbon is the basic one 

FroducUon ControL The objective of production control is to schedule work 
efficiently through technical processuig Figure 1433 presents a schematic of 
the data processing required for production control The sources of data include 
forecasts of services requued (as derived from past statistics, management 
acquuition plans, and the bke), standard tunes for techrucal processing steps, 



Figure 14 J2 Cost accounting schematic 
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l-igun I4JJ ^hcm4iic Tot ptoJuclion conuoL 
suusttci on existing bacUogs and wotkioads. and decision rules for determining 
production schedules 


Forms and Files 

In Chapter 4, we discussed some typical records for cost accounting 
data-both manual and punched card. Hicse represent the basic source of data 
for both cost accounting and production control 

Estimates Of Work load 

The work /bad in management data processing is basically a function of the 
sire of the hbrl^ staff: the input for cost accounting requites the conversion of 
production and lime data for each staff member, production control involves the 
pnntout of management data for each staff member (or at least, each 
departmental gioSp). Figure 14 34 summanrea representative cost figures 

Estimates of Ke^-Punching and Input Each day, each employee would record 
tune data on cosf-ycounting sheets. Many en^loyees are on tasks covered by 
“process-costing”, »od, for them, the data can be obtained from pte-punched 
tune cards, for thoi on tasks covered by “job-costing,” it might mean five or 
ten lines of data eaph day. The bulk of employees are likely to be involved in 
process-costed workf and the key-punchuig task therefore is likely to average 
about 50 characters pet employee pet day 
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EuiniiJlcs of Sorling Tliit rcptcunts tlie pntiuty processing load in botli cost 
accounting anJ pcuJuction cuntioi. Lacii line cnity of lime data is likely to be 
sorted and allocated to as many as four or Hse diffetcnl accounts (employee, 
department function, job. t^utk Kiicdule. and so on), 

Estimjict of Lach line entry of tune data will involve two or 

three totals for each of four or five kinds of accounts, representing perhaps one 
file update operation comparable to that shown m Figure ld.7. 

Estonatci of Output Tlie output will consist of summary reports and future 
scheduJes-by employee, departnitni.and the like 

EiUmatei of Traffic Lo^J Tlie resulting figures are then multiplied by the 
number of Employees, expressed as tf. For example, with 200 employees, the 
management data processing system would involve costs like those shown in 
Figure 14J4 


figuie 14 J5 Summary ornMnlhlyadmlnuUativc data proveiung work load 
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SUMMARY 

As we indicated earlier in this chapter, adnunistrative data processing for 
bbranes represents a relatively small computing task Figure 14 35 gives a 
summary of costs for a relatively large library 


Suggested Readings 

The crucial readings on library admirustration are the classic texts 
Wheeler, Joseph L , and Herbert Goldhor, Practical Adminittration of Public 
Libraries New York Harperand Row. 1962 
Wilson, Louis Round, and Maunce F. Tauber, The University Library New 
York. Columbia Uruvetsity Press, 1956 

Together, these two books surocnanze the adnunutrative issues in bbranes 
about as completely as la possible They are essential to an understanding of the 
nature of bbrary management at all levels Furthermore, taken together, they 
complement each other and highbght some of the poUcy differences among 
types of bbranes 



Chapter 15 

CIRCULATION CONTROL 
SUB-SYSTEM 


The banc purpose of circulation control i$ $imple>to assure that the materials 
that the library holds are available to persons who need them, within a 
reasonable period of tune, and for a reasonable penod of lime. To accomplish 
this aim, the library must maintain records indicating where material is located, 
who IS responsible for it, and when it sliould be available for someone else. It 
usuaUy will require that material be returned by a user within a defined period 
of time in order to have it available for other users It frequently will establish 
reserve collections for which even more rapid availabdity is needed It sometimes 
will schedule and control the distribution ofmalerialm order to assure that it is 
available when needed It may estabbsh pnonties for users to guarantee 
availability to those who need it most These, then, constitute the functions that 
a circulation control system must (to one extent or another) providc-all 
ultimately to serve the basic purpose of assunng availabibty of material. 

Libraries, of course, differ greatly in (he importance they attach to one or 
another of these functions, reflecting differences in the purposes of the libraries 
themselves For example, public libranes usually have the least stringent 
requirements and expect a circulation control system merely to guarantee that 
material is returned within a defined time Research Lbranes, on the other hand, 
have (he requirement for very rapid accessibility and therefore must be able to 
tell immediately where a book is and must be able to recall it. Some special 
libraries have a veiy stringent requirement for this, in the control of imlitaiy 
“classified” documents School libranes, college libraries, and media centers have 
requirements that lead them to estabbsh reserve collections of books in great 
demand, and to schedule and control the availability of audiovisual material 
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As a result, libraries will correspondin^y differ in the suitability of one or 
another system for data processing in circulation control In particular, as the 
study by Fry Associates has very well demonstrated, the manual and 
photographic systems used in most public libranes are well suited to their needs 
and economic in operation ’ Mechanized systems eventually may be competitive 
with them, but they are not now competitive nor are they likely to be for some 
time In contrast, several university libraries have, over the past 10 to 20 years, 
installed one or another kind of mechanized system It seems clear that the 
functions they require are well served by such systems which, while relatively 
expensive, will become increasingly economic Large numbers of industrial 
libraries, espeaally those m the aerospace mdustry, have used such systems 
operationally for a long time Finally, while it is only recently that hbraries m 
public schools have begun to expenment with comparable control of their 
collections, there are clear indications that mechanized control and distribution 
of films and other audiovisual materials with high utility will have great value to 
them 

Examples 

As we have indicated, a number of organizations have experimented with 
computer-based circulation control systems, ranging from essentially punched- 
card systems, to small-scale batch processing systems, to on-line systems 

Lehigh l/imeruiy installed a system using a combination of book card- 
borrower card, inserted m an IBM 357 poml-of-action recorder to produce a 
transaction card ^ These are input to the computer daily, sorted, stored in Call 
Number order on magnetic tape, and used to produce a variety of printed 
outputs The most important is the daily circulation file, Lsting all books in 
circulation Others include notices to borrowen, lists of problems, lists of 
holdings by borrower, statistics, and the hke The system handles a yearly 
circulation of 150,000 volumes, at a monthly cost for teriranal equipment, 
key-punches, and computet use of about S 1200 

Rice Unnersity uses a comparable system (Figure 15 1) * 

Brooklyn College uses what, by now, has become the standard punched card 
system It is shown in detail in Figure 15 2 * 

Fiy. Geotge, and Associates, Study of Qradetioit Control Systems Oucago Libtuy 
Technology PtojecI, Ameiican Libiaiy Asmcution and Council for Library Resources, 
1961 

Flannery Anne, and James D Mack, Mechanised Circulation S}stem, Lel'ish 
Umiersiiy Library Belhlchem, Pa Center foe the Information Sciences, Lehigh Uiuvetsily, 
1966 

RuecLing rieJcncL, ' Selecting a Circulation Control System A Mathemaucal 
Approach." Cot/egeen./ReieorcALiarart^.ZStS) (September, 1964), 385-390 

Bunbaum, Henry, IBM Circulatum Conirot at Brooklyn College Library General 
Information Manual White Plains, New York IBM. I960 
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UCLA )ui installed a computer-baseij counterpart, in which IBM 1031 Data 
Collection Units arc used to pick up book ideniincation data from book cards, 
directly at the time of charging out the book This avoids the necessity of 
key punching this data 

Redstone Arsenal experimented with the use of IBM lOSO remote terminals 
for on-line maintenance of 7000 registration records and circulation records for 
334)00 books' The Bell Telephone Laboraioiy has installed a similar, 
operational system^*’ It also uses IBM 1050 terminals, on-line to an IBM 
360/40 computer The system requires 32 real-time programs and 23 batch 
programs, totaling about 10,000 instructions It is expected to handle an average 
of 300,000 circulation per year 

' BlacL, Donald V , and James R Cox. IBM CVtuSinofi Control at the University o{ 
CaUfornia Library, Los Angeles A Preliminary Keport LosAnecIet UCLA, March 1963 
Cox, J R , N C Jones, and A 1- Itat), Computer Based Circulation Control System, 
UCLA Library, Performance Requirements Los Aneeks, October 1963 

' Automated Circulation Control mihe University Research Library A Progress Report 
LoiAnfcIcs UCLA, November 1965 

' llaznedati, I. and It Voos, '‘Automated Circulation of a Government R&D 
Installation." Special Libraries, 55 (Febniaiy 1964), 77 81 

’ "Computerized Instant Library Loan Syiteni Designed at Bell Laboiatones," A'ewi, 
Sell Telephone Laboratories, January 9, 1968 

"Belliel. a Computer-Aided Lmh System,*’.Aniencan Library Association Bulletin, 62 
<4) (Apnl 1968). 407-108 

' ' Kennedy, R A . "Bell Laboratories Libraiy Real-Time Loan System," Journal of 
Library Automation, 1 (2) (June 1968), 128-46 
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Illinois State Library installed an on-line circulation control system in 
December 1966, designed to handle about ISOO tiansactions pet day (dutge- 
outs, renewals, holds, and returns) 



Figure ISJ Circulation control system schematic 


Criteria for Evaluation 

Figure 15 3 shows the major steps tequired in a cucuUtion control system, 
and Figure 1 5 4 summarizes relevant criteria for evaluation of a system, keyed to 
the functional blocks affected Basically, aside from the obvious entenon of 
cost, they relate to the speed with which operations take place, the ease of 
handling renewals and holds, the capacity for handling large amounts of activity, 
and the ability to provide statistical data 


Golilhor, Heibeit, “Cnletuforan Ideal Cuuilation System," Wilson Library Bulletin, 
14 (April 19SS) 




I l(ure IS.4 QuiIiUtM ciiUiU fo( evaluation 


QuiUUinc 

) umlwiuJilloeLa 
Affected 

LajiUnalioji of 1 aclors Related to 
lunclional lllovks as Roiululci In 
Selection of a Circulation System 

Purposes of 
Csmknon Control 

I IJcnliTy 
bonoiactv 

rieiccotd OaU 

Record TiaaucUoo 
Pioccii Overdue* 

1 

In selecting a system, the libiary 
must decide to «hal degtee it Hants to 
identify its botiouers in its cuculation 
records, degree of Ucnl Jicalion tanging 
from eaisting 1 D . name on call slip, 
library card, tegistraiion file, delin* 
quent bottouert file, to complete 
bonoMcrs file 

2 !J«ntify 
milcrUlt 
chaisej out 

PrerckOtd Data 

Record Ttatiuction 
Maintain Loan Lite 
Search i ile 

Alternate systems offer different 
meant of recording malcrials- 
photogiapMc. punched cuds, etc . and 
different types of Idenurication- 
auihur, call number, etc 

If a library cucuUiet other types of 
materials »s uctl as books (te, pam* 
plileti, audiovisual materials), an 
Important dustiion in determining a 
system u uhethet these matcruls can 
b« circulated H-iihin the book tircula* 
lion system so an auxiliary syttem Is 
not needed 

3 Secu(« return of 
mitetuli 

Record Transaction 
Poslrecocd Transaction 
Maintain Loan File 
Discharge Transaction 
Process Oveiducs 
Reconcile Records 

Due dale access to a loan file 
(containing book and borrower 
information) is a prerequisite for any 
cucutalion syttem with this qualitative 

If accuracy ii i goal, the availability 
of and types of error control devices in 
various systems must be analyzed 

4 Provide a total 
count of aU 
materiah 
charged out 

Fterecoid Data 

Record Transaction 
Discharge Transaction 
Reconcile Records 
Compile Statistics 

A system with numbered trans- 
action cards can sometimes provide this 
total count, 

Usage statistics require other pro- 
■ecoiduig and recording and a means of 
compiling them An example is the 
UCLA Library which uses an IBM call 
slip requiting prerecording of type of 
borrower (le, ^ad student, faculty 
member) 
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Qualitative 1 

Facton 

Functional Blocks 
Affected 

Explanation of Factors Related to 
Functional Blocks as Requisites in 
Selection of a Circulation System 

Prtonties of Service 

1 System simple foz 
patrons louse 

Prerecord Data 

Record Transaction 
Discharge Transaction 

If a library's pobey is elimination of 
bottower participation in charging 
transitions, certain systems would not 
be considered A pubbe library might 
have this pnonty of service due to 
different levels of its clientele Whereas 
a college bbrary with a homogeneous 
knowledgeable clientele might desue a 
system with borrower participation 

2 Library stalF 
understands 

Ail Blocks 

The smooth functioning of any 
circulation system depends on the 
staffs abibty to operate m that system 

3 Return of booki 
Kb«n bbraiy is 
e}ese4 

Discharge TranacUon 
Process Overdues | 

' MiuiUtn Lotn Fik ; 
1 Reconcile Records 

As an example if an IBM 357 with 
a cuculaijon recorder wes used for 
recording and discharging (which 
requites a book card and bbiary card), 
a bookdiop for returning books when 
(he bbrary was closed could not be 
used 

4 Renewalofbookt 
Recognise holds 
placed against 
books 

Discharge Transaction 
Maintam Loan File 
Reconcile Recoids 
Prerecord Data 

Record Transaction 
Search Fite 

Fostiecoid Data 

The treatment of renewals as either 
new ebatges ot as extensions of old 
charges and theu relative efficiency 
could be considered in selecting a 

If renewal of books by telephone or 
mad was a desired service, a o'stem 
sucb as one employing a Recordak 
machine with transaction cards (where 
books must be brought to the bbrary 
foe renewal) would not be selected 

i Make available 
requested 
maieiials 

Preiecoid Data 
Maintain Loan File 
Search File 

A reserve book service requires a 
system Wiih appaiatus for searching the 
file and the shelves, and for a waiting 
tutor file 

6 Books which can 
be charged out 
tltv)oufJoc»- 
tiOos in the 

Record Transaction 
Discharge Transaclioc 

SssrcJi Fiie 

As 1 desired service, Uiu requires 

1 that systems be analyzed in terms of 

ekfuipmenr needtJ Aw rectm/mg 
ducharging. (hen mobility and cost, 
end in leims of petsonneL 
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1 

i unuionat Blocks 
Affected 

Explanation of Factors Related to 
lunclional Blocks as Requisites In 
Selection of a Circulation Syalem 

Specul Reijuirtmenii 

I Library Inlcgral 
unit or put of 
• syitcm 

AU blocks 

f^rccotd Data 
hocess Ovttdwes 
DiKhuge Transaction 

1 Maintain Loan File 

' KccoiKite Records j 

Cenltaliacd proccuing In a Urge 
system with btuchei allows the use of 
sophisticated equipment 

Returning books anywhere in the 
tyslem requites uniform ctrcuUtion 
pioi.eduKs ihcougivowt the s>slctn,and 
rcquuci a coding of the transaction 
cuds for locations (Le , branches) as 
iseU at for uuiuctlaa number and date 
so the books can be returned to their 

2 Knowledge of 
location of 
every book at 
all tunes 

Knowledge of 
hoIdipUced on 
books 

Prerecord Data j 

Muniam Loan 1 Ik 
Seuch 1 tie 

j 

This factor neeessilatet a sytiem 
providing a loan file by book identifica- 
tion (call number. Cutter number, etc ) 
rather than a due date file This need in 
most college and university bbtanei has 
prevented the use of tystcmicmployutg 
transaction cards alone, in favor of 
systems employing traniacuon cuds 
and charge cards. 


PtetecoiJ Data ' 

Maintain Loan File 
Search Tifc 

This factor calls for a system which 
includci a bonowert File of loaned 
bookf, as well as either a date due file 
or a location FUe, and is usually a need 
of special libraries. 


FORMS AND FILES 

Figure IS S lists the various foims and Files involved in the operation of a 
circulation system Some of them are essentially manual forms— book cards, 
badges, call cards, dummy cards, and discharge cards Others are magnetic tape 
and disk files-Transaction File, Holds File. Borrower File, and the like Of 
them, the Transaction File is the central one, to which all others relate 


Transaction File 

This contains a record for every book that is not located where it is normally 
supposed to be— whether charged out to a borrower, to another library, to a 
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Figure IS S Fonns aiuJ flies 


Fi Transaction File 

BookCaid Dununy Boole Cud 

BonouecCard Dummy Bodou'er Card 

Hold Card 

F^ Call Card File 
Call Card 

f g Bonowet RegtsUation File 

F^ scheduling File 
Distribution UsU 

Fid Miscellaneous Files 
Recall Form 
Overdues Fonn 


brand! or reserved book room, or (o be bound or repaired The record includes 
the unique identirication of the book, the date ii was charged out, and the place 
or person to which It M charged Figure IS 6show$ the format ofa Transaction 
File Record designed for a disk file ^stem 

In most mechanized systems, this file will be sequenced by call number (or 
other umque identifier) In some sysieim, such as that at BrooUyn College, two 
separate files are needed, one being in order by call number and the other m 
order by a "transaction" number, providing an mdex to the former. In the 
system described later m this chapter, provision is made for both kinds of 
operation 

The basic sources of data for input to the Transaction File are Transaction 
Cards (Figure 15 7), produced usually from data on Book Cards and Borrower 
Cards (often called Badges) 

Book Girds (Figure 15 8), or Uieir equivalent in the fomi of machine-readable 
infomiauon on the book itself, are usually required for an automated cuculation 
system Such cards are produced as books are accessioned (as discussed in 
Chapter 16) The data On a book card normally wdl include a call number (or 
other unique identifier of the book), a short author-title, and perhaps a code for 
allowable type of loan It can be recorded in a variety of forms— punched card, 
punched plastic or metallic card, madiine readable data imprmted on the book, 
and the hke In coT>f^ts:on from a jhiot system, it is usually riecessary to 
produce book cards for the existing collection Several approaches can be taken 

1 Prepare new cards for all books to the library 

2 Prepare cards only when a book cuculates, during the loan period 




I unn»«nJ i itrl 

l-iSUt« tS<6 TrintMluxtl-Jc 

*''JNctlON iTic lianmilon fUd conUutt Ihtc* c«t<(D(Ki of «ninc»*»ll »ilh ihc umc 
formiL 

(l> KccoiJi of booU cuncttily In tiiiruUitun to pitioni on ihoK- 
itim tumt. Shod tena Vmm »iU itnuin in the CucuUtion Tib 
until they »tc rttuiwil.d »hkh tinw they uiU become btwhi uhleh 
hite been tetuincJ but not putseJ ftoni the diik (lee cetepory 3 
be loo.) 

(2) KccotJt of book* iceeaily duit^d out to Inietnil bbruy funcuont, 
*> »cU ai book* on iiuaiCcr loan, are called 10fi{(erm loani. 
Lon; term loam «iU remain in (ha Cuculation hile until they are 
traniferreJ. at recuUe ume Iniemta. to the Lont-Te/m Lean I ilc At 
that tune they become booka «hich have been returned but not 
pui{cd fiom the ditk (tte catcfory 3) 

<3) Recordi of booki that have been lelumed but not purged from the 
diik are called imply loanL Duoki that are in circulaUon tend to 
remain m ci/>.uUlion (cacepi thoie from category :), Therefore, 
unku a ahoiiage of (pace in dldtiiofage occun.ieeotdi marked for 
purging u ill remain in the Cuculation h ile 

iORMAT All tecordt In the cuculation Cle contain SO alphamene clurxieti A 
(lenmtion of the parameterattoied m the SO characiera follout 
OunKtrr twetton y/eU OtseripUcn 

|•34 Call number 

25*54 Short author and title 

55*64 Social accuniy number 

or Ttanuciion number 
65-66 Slatui code 

6769 Due date 

70-72 Return date 

73 Qiargo^ulday 

74 TiansmitUng itation 

75 Branch bbtaty 

76 Typ^of-book 

77-80 Control character* 


3 Prepare cards for books which prior statistics imply are the most 
frequently circulated. 

4 Prepare cards for recent materials. 

Borrower Cards (‘ Badges”), as illusuated m Figure 15 9, are also usually 
required ui mechanized systems (although those, such as the Brooklyn College 
System, which separate the Transaction File from the Call Number File do so to 
avoid the need for Borrower Cards) The data in maclune-teadable form will 
usually be limited to a short identification nmnber-for example, the Social 
Security Number. 



Figure IS 7 Tnosaction Cords 


Type of Card 

Cedumtu 

Field Descnption 

Book Cord ond Badge 

1-3 1 

Current day 


4-6 

Tune of day 


7 

Tiaflwuttmg station 

(Same format for 

8 

Transaction code (6) 

Call Card, Discharge 

9 

Branch library code 

Badge) 

10 

T^ie of book loan-Code 


11-34 

Call number 

Badge Number 

35-64 

Short author title 


65-75 

Borrower badge number 


76 

Tcansmisiion check Character 
(12 = correct. 11= error) 

Book Card, No Badge 

1- 3 

Current day 


4- 6 

Tune of day 


7 

Transnu iun8 station 


8 

Transaction code (3) 



Transaction number 


16 

Fust transmission (12'8'3) 


17 

Transaction code (6) 


' 18 

Branch library code 


, *5 

Type of book loan<ode 


20-43 

Call number 


1 44-72 

Short auihot-title 


1 73-79 

Dummy badge 


80 

Transmission check character 

No Book Card, Badge 

1- 3 

Cunent day 


4- 6 

Time of day 

Call Card. Discharge 

7 

Ttansnutling station 

Badge) 

8 

Transaction code (3) 

Badge Number 

9-15 

Transaction number 


16 

Fust tisnsmisuon (12 8-3) 


17 

Transaction code (9) 

No Book Card, No Badge 

18-28 

Badge number 

Badge Number 

29 

Ttanunission c)>eclc character 

Hold CaUCard, 

1- 3 

Current day 

Badge 

4- 6 

Time of day 


7 

Transmitting station 

(Hold Cal) Card, 

8 

Transaction code (8) 

Discharge Badge) 

9 

Transaction code (3) 

Badge Number 

10-33 

Call number 


34-40 

Transaction number 


41 

Fust bansmission (12-8-3) 

Hold CaU Card 

42 

Transaction code (9) 

No Badge 

43-53 

Badge number 

Badge Number 

54 

Transmission check character 
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t-igun tS.7 iCoalimeJ) 


T)p« or Caid 

Columns 

1 kid Desctlpiion 

kencwal. Book Caid. 

1 3 

CUtreniday 

U*Jse 

4 6 

Time of Jjy 


7 

Transmiuma tialion 

Rcncwik Book Card 

8 

Tranucilon code (7) 

No Bidje 

9 

1 uti uantmission (12-3 8) 

Badse Number 

10 



11 

Uiani.h Lbraiy code 


12 

T>p« of book loaiKodc 


13-36 

Call number 


37-66 

Short author title 


67-77 

Uadee number 


78 

Tianunitsion cheek character 


Mticcihncout Formt In a<14iiion. other fornu may be needeii to handle 
special situations-for instance. "Hold Cards" when a palton wishes to place a 
hold (or reservation) on a book, "Dummy Cards" for cases Mhen Book Cards or 
Dorrovicr Cards arc nussing, and "Discharge Caids" to provide control data 
indicating that a book has been returned. 

The output from the Transaction File includes, among other things, recall 
notices, overdue notices, and various reports and lists. Principal among them is a 
Long'Tcrm Circulation Ust, required m a system with bmiied storage capability 

(-iguie >54 Book Card fortnat 


Type of card 


I leld Description 

Book Cajd 

1 

Transaction code (6) 


2 

Branch library code 


3 1 

Type of book ]oan<odc 


4 - 5 

Class Httcii 


6-10 

Oast numbers 


11-19 

Cutler number, date 


20 

Senes number 


21-23 

Volume number 


24-25 

number 


26-27 

Copy number 


28-57 

Short author-title 


58 

Cod transmission (12-8-4) 


59-79 

Continuation of author-title 


80 

Blank 

Dummy Book Card 

1 

Transaction code (9) 


14 

End transmission (12 8-4) 
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Figure 18 9 Bono«ei Canl (Badge) 


Type of card 

Cotumns 

Field descnption 

Badge 

1- 9 

Badge number 


10 

Blank 


11-12 

Sonowet status 

Dummy Badge 

1- 9 

000000000 


10 

Blank 


11-12 

00 

Diichaige Badge 

1- 9 

999999999 


10 

Blank 


U-12 

99 


SO that books that wUl have a longer circulation period will not use valuable 
duect access storage A second list is a Hold List indicating which books have 
been placed on hold and are therefote not available for renewal 

Call Card File 

There are several circumstances in which a complete transaction record 
cannot be created there may be no Book Card or no Borrower Card, there may 
not even be a book, as m the case of a hold Under these conditions, a Call Card 
must be created to identify the book or the patron or both It must be stored m 
a manual Call Card File and, in cases where no Book Caid was available, a new 
Book Card must be created and Hied until the book is returned Figure 15.10 is 
a representative Call Card 

The Call Card File is the repository of all Call Cards used m charge 
transactions Call Cards used only to identify the patron (that is, contairung a 
Call Number) are merged mto the (Be without changes Those used to identify 
the book are processed fust lype^>f-\oan code js punched m column 8 

and the Call Number is punched in columns 9-32, (2) the cards are processed to 
update the circulation record, (3) the cards are used as source documents for 
preparation of Book Cards, using the shelf list for obtaining added data 

The Call Card File is maintained m Transaction Number sequence It is 
processed periodically (once a week, for example) for automatic merging of new 
cards and extraction of old ones 

In addirion, a New Book-Card File serves as the repository of book cards 
created because ones were not available at charge-out When books subsequently 
are relumed wiihoui Book Cards, the new card should be found in this file 





l-iSuit IS 10 CaUCvd 


lOKM OUCa>J(((ont«tcw) 


FUNCTION Tlie Call Caid !• fdled out tijr the piUon «lien either the Hook Card or 
Dadfc or both « ill be tnluing from the chari;e«ul pioceti. The Call Card 
li alttiyt fillci out complclely. it it a record of the Call Number and 
author and title of the book and of the patron't name. aJdrcu, and 
itaiui. Call Card i» read Into the Input tlation of the Data Collection 
Sytum at the lime a book U chared out. before the book Card, or 
Dummy book Catd.lt read 

DLSCKIPTION Tbit it an exact Imace of the front uJe of a Call Card See fORM Call 
Caid(inl£rpiclcd)for the «lcuib of the data punched on tlie card 



TvvcoCcasd 1 

Columiu 1 

Field Deter ipUon 

Call Card 

b 

Ttantaclion code (3) 


65-71 

Ttantaction number 


74 

Pint transmitsion code (12-3-8} 

Hold CaUCard 

5 

Ttantaction code (B) 


6 

Transaction code (3) 


9-32 

Call number 


65-71 

Transaction number 


74 

Fust transmission code (12-3-8) 

Do-Not Renew Call Card 

S 

Transaction code (6) 


6 

Transaction code (3) 


9*32 

Call number 


6S>71 

Transaction number 


74 

Fust transmission code (12-3-8) 
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frlsure 15.12 ltoio>*er record 


MucelUncous Files 


cueuUiio^'J^^f ***** *** necessary or useful for conuol of 

curity fUes (for control of the circuUtJon of rmlilary classified 
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tiem SOi 



Figuie 1S.I3 Dcnrowericcblntionrilc 

records), overdue files for books that are overdue, a histor/ file for analysis of 
prior circulation records, and the like 

A SAMPLE COMPUTER SYSTEM 


To provide a definitive basis for evaluation of the magnitude of the task of 
circulation control, a detailed analysis and design has been made of a system 
which combines some of the aspects of both batch processing and on-line 


SM CucuUtvon Control Sob-Svitetn 

Figure IS. 14 Audrovisualscbedule record 


Film cataloging data 80 characters 

(not detailed here> 

Sthedult (,{m each planried showmgl 
f School idenuncatioD 3 characters 

^ DeUyery date 3 characters 

Iplck-updsle 3 characters 


processing Figure 15 IS, a schematic of this system, shows that it is designed 
aiound a small-scale batch processing computer. 

M on-hne computet facility, of course, would be the ideal for circulation 
control, since then verifications of borrower status, reports on incompatibility of 
data on tenewals, and checks on the location of mateoal can be made and 
reported to the input station while the patron and book are stilt in the library 
However, no matter how ideal this situation may be. a back-up system is 
essential ut otdet to allow the library to continue providing service dunng 
computer downtime It should have as much of the flexibility of the on-line 
system as possible and should not require any evident change in operating 
procedure Since a back-up system in the library must be inexpensive, it must be 
based on a small computer, with more stringent operational lirruts than the 
on-line system The design outlined here provides as general a back-up system as 
possible with a small-scale batch system, and is able to handle the functions 
desired of the on-line system even though m a less convenient manner 

It IS designed to handle charges and discharges, to place holds on books 
currently charged out either to library patrons or to library required functions, 
to control renewals for books with holds to discharge holds, to process oveidues, 
(0 maintain statistics, and to serve other cucuhtion functions The system must 
also he able w handle some quenes m teal tune, even though the handling of 
such queries with this back-up system is not as convenient as it would be with an 
on-Une system 

The configuration is that of Figure 14 2 It includes a central processor, a 
muUifvmction caid machine, a prmlw, at least one disk drive, two tape doves, 
and an on-line typewriter, it is suitable for punched-card operation, the first step 
away from manual practice, as well as magnetic tape and disk file processing 
The central processor, with t6J900 bytes of core storage, has an excess of 4000 
bytes over that requued for the largest of the systems programs which it uses 
This should provide ample storage for processing programs as well as for 
cornmumcaling with a large-scale, on-line processor The multifunction card 
machine operates under control of the central processor and combines the 
functions of a card reader, card punch, collator, sorter, interpreter, and 
card-document pnnter Thus, one piece of equipment combines the functions of 






Figure I5.1S Processing qriteni Khcoutk, 





506 CitcuUiion Contic* Sub SytteA 


several peripheral punched-card devices, reducing Ihc number of separate pieces 
of equipment needed to suppoit the computer operation The printer, under 
control of the central processor, performs the function of a tabulating machine 
and handles the output of vanous reports generated by all of the processing 
programs 

The disk drive prondes sufficient storage for the minimum required number 
of computer control programs, the file of currently circulating books, and the 
files pertaining to holds which are required to be on a direct access device, it 
provides a storage capacity of S 4 nuUion bytes with an average acccsstirae of 75 
milliseconds The use of only one disk dnve certainly limits the size of file 
available for real time querying, therefore, books out on long-term loans or 
charged to other library functions, such as a reserve book room or a branch 
library, must be recorded on tape with a ksting of books in this category 
available at the computer inquiry station Recent additions to this group of 
long-term loans would appear in the active circulation file on disk until the tape 
on which the long-term loans are lecoided is updated This would help to keep 
the size of the active circulation file to a minimum and allow the circulation 
system to function with one disk for an active circulation of 40,000 volumes 
Tapes are used for two primary purposes, althou^ there are many other uses for 
them in the service programs that are described later m this chapter (m the 
section on Service Programs) a record of each loan is stored on a History Tape 
at the time a book is discharged, and an In Process Tape is used to store those 
transactions for which no action was taken because of lack of uiformation, 
inability to find the record desired on disk, or for a myriad of other reasons that 
will be explained later The on-hne typewiler allows inquiry of the direct-access 
file, alternatively, batch mode querymgean be used 

An automated ciiculation system requires that, in some manner, transactions 
be recorded in machine-readable form The system described normally uses 
machine readable Book Cards and Borrower Cards However, transactions are 
allowed to occur even in the absence of a Book Card, Badge, or both Such 
occurrences also lead to machuie-ieadable input 

A data collection system (such as is listed m Figure 1 1 7) transmits the data 
from the check-out station cr discharge station ‘ * These systems are available 

in both on-line and off line configurations In the on-line configuration, the data 
flows directly between the input station and the data processing system In the 
off-line system, the data flows from the input station to a card punch (such as 
listed in Figure 114 or Figure 116) The cards thus punched are later 
batch-processed against the orculation file Although the data for each 

Hams Michael II , •‘The 357 Data Collection System for Circulation Controls" 
College and Research Ltbnrtes, 26(Uan3i I96S). 119 ff 

IBM 357 Dala Collection System White Plains, New York IBM. 1963 
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tianucUon it cdit<>icckcj fur piopcr leiigUi of iranumuion at both the mput 
ttaiion and the card punch, ciion of other types, cauglit readily by the on-line 
system, are now not detected until long after the book and patron hase left the 
library When these errors ate later iccognired during the computer processing of 
a batch of transactions, nutificaiion is prepared citlicr for immediate action or 
for action when the book is returned to the library 

Tlie following sections discuss the acation, processing, and maintenance of 
the forms and files used in each of the circulation functions charge-outs, 
discharges, renewals, holds, and service piogianis 

before discussing the processes in detail, tiowoer, let us comment generally 
about the effects of equipment Imutaiions on the content and organization of 
flics, m order to give an insight into the processes themselves 

1 The primary storage medium for the Circulation File is a single disk. 
However, nothing precludes the use of additional disks if the computer system u 
so configured 

2 No two keys in a file may be identical 'nietcforc, a new charge record 
rruy not be stored on the disk while an old one with the same call number 
exists on the disk New charges in this case ate stored in the Temporary File, and 
the existence of a duplicate record u entered into the record on the disk. This 
can lead to some awkwardneu if an almost immediate discharge of the new 
charge occurs, but Uie system does handle ihu situauon. 

3 Tlie programming language used nuy impose a definite order of 
processing For example, the Report Program Generator language requires that 
all data requued for a transaction must first be read into memory, then it must 
be processed and, finally, the output to the various files and reports must be 
created, with overlap not allowed among these functions In sucli a case, 
processing is a succession of input time, compute time, and output time. 
Frequently, therefore, limitations of the language necessitate peifornung some 
processes m two steps, when one step might have seemed sufficient. 

Charge-Outs 

For a book to be charged out, the borrower presents some combination of 
Book Card, Call Card, and Badge to the attendant at a checkout station The 
attendant enters the required forms into the input station of the data collection 
system and the data is transmitted to the card punch where a transaction card is 
created The set of accumulated transaction cards is read into the computer at 
scheduled time intervals for machine processing of the charge 

fhe charge process has five stages (1) actions from the checkout station to 
the data collection system, (2) the handling of Call Cards, (3) the input to the 
computer maintained files, (4) processing, and (5) the communication between 
the computer and the librarian 
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Figure 15 16 CharEc-oal opetattons 


7) pe of Transaction 

Enurt into Card Read&‘ 

Enters into Badge Reader 

BDOX CARD, BADGE 

Book Cud 

Badge 

BOOK CARD, 

NO BADGE 

Book Caid 

Dummy Badge 

NO BOOK CARD, 
BADGE 

Call Card, 
followed by 

Dummy Book Catd 

Badge 

NO BOOK CARD. 

NO BADGE 

CaBCald. 
followed by 

Dummy Book Catd 

Dummy Badge 

BOLDGALL CARD. 
BADGE 

HoldCaUCaid. 
followed by 

Dummy Book Catd 

Badge 

HOLD-CALL CARD. 

NO BADGE 

HoIdCaUCard. 
followed by 

Dummy Book Catd 

Dummy Badge 


Actions from Oicckoui Station to the Data Collection System There are six 
categories ot i^atge tiansacUons Uul can be haixdUd at the checkout stations 
(see Figure J 5 16) 

In the first case, the two roichine-teadaWe icentry records serve as data 
sources for the transaction recording In the next three cases, when either the 
Book Card or the Badge, or both are missing, the borrower must fill out a Cah 
Card completely The Call Card « used Mislead of ihe nussMig fofm(s) dunng the 
recording of the transaction and later serves as a record of borrower 
identification in the case of the missing Badge, or as a source document for the 
preparation of a new Book Caid in the case of a missing Book Card. Finally, 
the last two cases aiise because the requestor must have prepared a CaU Caid 
(called a “Hold-Call Card") at the tune he placed the request 

Vitiea the book requested vt letucued to the Ubtary. this Hold-Call Catd is 
placed in the pocket of the book and is used in the subsequent charge process 
In any of these cases, the checkout attendant compares the Book Card or Call 
Card with the book, stamps the return date on the date slip, enters the forms 
into the data collection system, and then performs the following operations, 
depending on the type of charge 

BOOK CARD, Badge Returns Book Card to book and Badge to 

BOOK CARD, ho BADGE Returns Book Card to book and places Call 
Catd in a group, called the “Book Cird" Group 
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NO UOOK CAHU. DAUGL Rclutiit BaJgc to botiowcr anJ places Call 
Caiil in a second g>oup-ihe “No Book Card" Gioup 
NO HOOK CARD. NO UAUGL pUcet Call Card in "No Book Card” 
Group 

tlULU-CALL CARD. UaDGL Returns Book Card to book, Badge to 
botroMcr, and places the Hold-Call Card in the “Book Card” Group 
HOLD CALL CARD. NO OADGL lUturnt Book Card to book and places 
Hold-Call Card in "Book Card” Group 

Errors in character transmission, record lengtli, or punching uiU cause an 
error indication at the input station and will require a retransmission of the 
transaction 

The entering of these forms causes a transaction card to be created by the 
cord punch, as has been shown in Figure IS.IS. A check character is included to 
indicate whether the record is correct or m enor. If the record is in error, 
additional information is given in the check character to indicate the type of 
error Error transaction cards wiU later be fiiiercd out by the computer. 

Figure IS 17 presents a schematic or subsequent piDcessing of transaction 
data to the computer and of call cards to the Call Card File 

77ie UaitJling of Call CarUt On a regular basis Uie Book Card Group and the 
No Book Card Group of Call Cards are picked up from the checkout stations. 
The Book Card Group is sorted on Call Number and directly enters the Call Card 
File, since the Call Number of the book lias already been entered into the 
computet system. The only missing piece of information nuy be the status of 
the bonower which affects overdue billing, the type of loan code is available 
from the Book Card data m the (book Card. NO BADCL) charge and from 
the previous charge record for the (HOLD-CALL card, badcl) and 
(hold-call CARD, NO BADGE) charges. Figure IS 18 shows a schematic of 
the subsequent processing The cards m the No Book Card Group go to 
key.punchmg, where call number and type of loan code are punched into them 
They are then used to complete the data in Ure charge transaction that was 
recorded by the card punch and is being held on a Temporary Tape These same 
cards are later used as source documents for the preparation of new book cards 
which Will be held in the New Book Card FUe awaiting the return of the book, 
thus no book should ever be charged out twice without a book card. 

Input to Computer Files The transaction card created by the card punch of 
the data collection system is used to update the computet files When a batch of 
transaction cards are taken to the computer for processing, they are in the order 
in which the transactions occuned, with various types of charges as well as 
discharges and renewals intermmgled A date card, containing the day of the 
year, is placed in front of each batdi of transaction cards before processing 



Figure 1$ 17 Schematic of tianjaction iiandtuig 

As each transaction card u read, it is checked for validity, for the existence of 
a call number, for the existence of a badge number, and for the type of 
transaction Figure 15 19 » a decision table for the control of subsequent 
processing if theie is a call number. Figure 15 20, one for the cases with no call 
number. The significant factois in the decision process are as follows. 

Call dumber The call number is the key by which all transactions are 
recogmzed When it is missing from the Transaction Card, the incomplete charge 
IS held on the Temporary Tape until the call number can “catch up” to the 
charge transaction 

Short Author and Title The short author and title along with the call number 
uniquely deternune an entry. However, it is not a part of the key, since this 
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would maKe the key too long for practicality. Nevertheless, it is examined when 
an apparent duplicate call number is found in the system. 

Jransaction Number The transaction number is the Ue between information 
that IS eventually stored m the Call Card File and the Circulation Fde It is used 
to leplace all missing data in the orculation record at the time of placement on 
the Temporary Tape Thus if the Book Card is nussmg in a transaction, the call 
number field and the short author and title field hold the transaction number 
when the charge record is wntten on the Temporary Tape After the call number 
has been punched into the Call Caid and the Call Card has been processed by the 





nd «i‘le 



OvefUTite old chuge record with new 
duige record 

Thjt booW wa> on hold but » not charged 
out with Hold-CaU Card. Rewrite old 
record on dirk with D ui control 
chaitcttid 

Write new charge on Temporary Tape 
Print message to Lbraiian with the 
following data 

1 Old Charge Record 

2 New Charge Record 

3 Holds Record 

* Additional Holds Reco rd (if any) 
This book has been recharged w ithout a 
discharge 

Rewrite old record on disk with O m 
cnntmi.qbiuiuJi-j: A 
Write new charge on Temporary Tape 
Print message to librarian with the 
following data 
I- Old Charge Record 

2 New Charge Record 

3 Holds Record (if any) 

4 AdditKinal Holds Record (if any) 
Rewrite old record on disk with a D ui 
control character 4 

Write new charge on Temporary Tap® 
Print message to libiaiian with the 
following data (this is a dupbcate call 
number, both charges active) 

1 Old Charge Record 

2 New Charge Record 

3 Holds Record 

4 AddilionallloldiRecordlifany) 
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I'lsun tS.I9 (Gwir»Uiri/> 


(DOOKCAKO. BADGE) 
(BOOK CAKD, NO BADGE) 
TfanMClIont 


Write new ehuje on Tempoiaiy Tape 
(Nomtuata needed (inceone^nerated 
tlM Tint lime duplicate appealed) 


ThIt b a posable techarge without i 
diseharp oi a possible duplicate call 
oumbei. 

Rewmeold record on dldc withD m 
cootiol character 4 

Wriie new recotd on 1 emporary Tape. 
Pnni menage to Ibtarian « Ith all data 
available 

I Old Charge Recotd 
2. New Charge Recotd 
2. tioldi Recotd (deny) 

4. Additional lloldl Record (if any) 









Figure IS 20 Decision table fol No Book Card transactions. 


a ° = -3 

u .2 u a 

II 

j 

! ■= 
ii 

T 

I I 

3 6 

? (NO BOOK CAAD. BADGE) 

(NO BOOK CARD, NO BADGE) 

^ Yiansactions 

R 

u 

6 

Yea 




Write new charge record on disk 

mm 



Yea 

OyeiwsattoU charge iccosd with new ehaisa 
record 


Yea 

Yea 

Yea No 

No Thu book ta a potnS/e hold that tanot 
charged out with a Hold-Call Card or a 
potsibl* dupbcate call number and/or has a 
poutbU lost book card 

Kewriie old record on disk uelb a D in 
control character 4 

Write new charge oa Temporar/ Tape 

Tnol message to librarian with the following 

data 

1 Old Charge Record 

2 New Charge Record 

Y Holds Rfecoid 

1 4 AddUional Holds Record (if any) 

Yes 

1 

Yes 

No 

Yes N 

This IS t possible duplicate call number or a 
possible charge of a book not discharged 
thiougb the tysiem or a posabie lost book 

Rewrite old record on disk with D m control 
ohaiactei 4 

Write new charge on Temporary Tape, 
htnt message toLbraiian with the following 

dau 

1 OM Charp Record 

2 New Charge Record 

3 Holds Record 

4 Additional Holds Record (>f any) 
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Hpire IS^O (CtMitmieJi 


1 

i 

ll 

ll 

il 

1 

t; 

i 

e 

al 
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ll 

ai 

1 

1 8 
& a 

S 

1 

1 

1 

<2 

c 

t 
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(NO HOOK CARD, BADGE) 

(NO BOOK CARD. NO BADGE) 
Tianuciioni 


Yes 

No 

No 

No 

No 


Thu Ittpoaible dupbcaie call number or 
aporuBfecturieofa book no( diidisrgrd 
through the tyilem. 

Kcuvite old record »t(h D In eontnl 
character 4 

Write new charge on Temporvy Tape 

Pnnt message to libiuun u iih the following 
data 

1 OtdOiasteReeoii) 
t. New Chuge Record 

3 Holds Record 

4 Additional Holds Recotd (if any) 


Control Qtaracteri. There ate four control characters m a circulation record 
As shown in Figure 15 21, they control and initiate a variety of functions 

AU transactions for uhich (here rs no Book Card are first wtiiten on the 
Temporary Tape The Circulation Service fVogram subsequently will append the 
call number to these records and then they will be ready for entry into the 
Circulation File Although the charges made from these (NO book card, 
badge) and (NO BOOK CARD, NO BADGE) transactions are now similar to 
the transactions for (BOOK CARD. BADGE)and (BOOK CARD, No BADGE), 
the absence of the short author and title field causes the decision table for them 
to look sornewhat different (Figure 15 20) The description of the processing of 
(HOLD Caul carp, badge) and (hold call card, no badge) is 
described later m this chapter in the section on Holds 

Communication between Computer and Librarian The extent of this 
interface will be determined by hbiaiy policy and practice At the very least, it 
consists of the pnntouts describing unusual conditions that arise during 
processing When ihe compuler program doesn't know what to do and needs 
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Figure IS 21 Control characters 




Function 



A bold has been reQuested on book 
in nus record Consult holds file 
and additional holds file 

2 

.-n 

1 This record is a renewal 



Multiple call-in notice prepared 

3 j 


Multiple overdue notice prepared- 



Libtaitanhas lequested caU-m 
notice to be prepared 

4 


Record may be purged or overwritten 



A record with the same call number 
exists on Temporary Tape 


IB 

(On History Tape) Oiii record ivas 
discharged by a renewal 


human assistance, it records the troublesome transaction on the Tempoiary Tape 
and prints out as much information as it knows for the librarian The decisions 
that the librarian makes may institute a call'in on a problem booki a 
“do-not-renew" for Lbtary use, a discharge of a charge erroneously left m the 
system, ot a variety of other actions To modify aiculation records, the librarian 
has cards prepared which identify the record and the Tieldfs) to be changed 
These cards ate processed by the Librarian Program, which executes the 
librarian's wishes 


Holds 

When a patron or a library department would like to place a hold on a book 
not found on the shelf, a Call Card ts filled out completely and turned in at a 
designated library location. At that tune, it is possible to determine whether the 
book IS charged out to a library function or is already marked to be held for 
another patron This information is avaibble in the Internal Systems Checkout 
Listing which is prepared at regular intervals and on the Holds Listing which is 
prepared once a day Based on uifomiation obtained from these references, the 
hold IS then accepted or not 

If accepted, the Call Card then goes to key-punching where an identifying 8 
punch is entered in column 5 of the Call Card and the call number is punched. 
From ihis point, the Call Card a a HoM-Call Card (idcnCi/ied by the 8 punch rn 
column 5) The Hold-Call Cards are then batch-processed by the Hold Service 
Program 
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The call number m the Hold Call Card u the key by >Ahich the circulaiion 
record is cxtracled from the Cuculalion Fite and the holds record, if any. is 
extracted from the Molds Tile Theit, dependins on the number of holds posted 
apinst tins cal) number. i)ic Addiliona) Holds File is accessed as many limes as is 
requued A Row chart of the holds process u diown in Figure 15.22. 

Printouts of unsatisfied holds vkill occur as a result of the charge process, and 
by using the Ubraiun SerMce I'logtam, adjusinientt can be rrude to alter holds in 
the file On occasion, certain holds will take precedence over all existing holds 
Generally this vmll be the result of libtaiy-genctalcd needs >^'hen these holds will 
cause an extended delay in getting the book lo the patron, all patron holds are 
cancelled and the HuldCall Cards ate sent back to the patron It is expected that 
this mode will be used judiciously 


Discharges 

When a book is returned to the Ubiaty.it either has a Book Card or it does 
not If It has no Book Card, the charge process presumably will have caused one 
to be created Therefore, every returned bool, should have a Book Card available 
for the discharge prowss In case Book Cards have been lost or are otherwise 
unavailable, new ones must be prepared for the discharge. 

When the record on the duk is tdenuned as corresponding to the discharge 
transaction, the return date is entered and a P (for purge) is placed into control 
character 4 of the circulation record The space where this record was stored is 
now, in effect, empty and may be overwntten by a charge with the same call 
number or may be erased from the dnk whenever the file is rccopjed A copy of 
the record is stored on ihe Ihstoiy Tape for use in overdue billing and statistical 
studies 

Of course, if the circulation record on disk has a Din control character 4, it is 
possible that the charge to which the discharge corresponds is on the Temporary 
Tape It may even be impossible for the computer program to ascertain to which 
charge this particular discharge belongs If such is the case, then the discharge 
transaction is wntten on the Temporary Tape in the format of a charge 
transaction preserving all mforttialion known at the time of discharge Each time 
the Temporary Tape is processed all discharges are reconciled in so far as 
possible 

There will be times when the bbianan. after having exammed the error 
pnntout from the charge process, will want to discharge a record. If a Call Card 
IS available, in the Call Card File, it will be used with the discharge badge to 
ctisite the tisdiaige transaction Otherwise the discharge wilt occur by entering 
the return date and the purge character via the Librarian Service Program 
(described below), which will then wnte the discharged record out onto the 
History Tape 










519 


Figure 1542 (Contuiuai) 
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The discharge process also creates work cards for all books that have an H m 
control character 1 These work cards are sent to the book-sorting area where 
they ate used as source documents for retrieving books before shelving and for 
routing them to the holding area In the holding area, the Hold-Call Card File has 
a card for each book retrieved with routing information If the hold is for a 
library function, such as route to reserve book room, route to hbrarian, and 
route to bindery, it is sent to its appropriate destination after having been 
charged out with a Hold-Call Card and the dcstmation badge If the hold is for a 
patron, the Hold-Call Card is photostated for the mailing notice and is then 
placed in the pocket of the book The book is sent to the holds area to await 
pick-up. 

Occasionally, books on hold are not picked up, and we must have a means of 
discharging the hold This is done uung the Hold-Call Card and the discharge 
badge If there are any foUowmg holds in the Additional Holds File, a new work 
card is prepared and the process is repeated 

There are thus four ways m which a book can be discharged (l)BOOK. 
CARD, DISCHARGE BADGE, (2)CALL CARD. DISCHARGE BADGE, 
(3) HOLD-CALL CARD, DISCHARGE BADGE, and (4) by use of the Librarian 
Service Program Remember that Call Cards and Hold-Call Cards must be 
followed by dummy book cards when entenng the transactions into the mput 
station because they contain no end-of-ttansinission code 

The decision table descnbing the discharge process is shown m Figure 15 23. 


Renewals 

Renewals are made at one location in the library so that the Holds listing can 
be consulted Once it has been detemuned that a renewal can be peirmtted, the 
following conditions can anse 

Book Cord and Badge Are Both Present The Renewal Card (transaction 
code = 7) followed by the Book Card and Badge are entered at the mput station. 

Book Card Is Not Present but Badge Present. If the bonower does not have 
the book card with him, the infoimaiion for the renewal js filled m on a log 
sheet (Figure 15.24) and, after key-punching, the renewal is processed by the 
Renewal Service Program 

Book Card Is Present but Badge is ffoL The Renewal Card is read followed by 
the Book Card and dummy Badge. 

Neither Book Card nor Badge Is Present This is the situation that arises from 
telephone renewals The informabon for the renewal is filled in on the log sheet 
(Figure 15.24) and, after key-punching, is processed by the Renewal Service 
Program 
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Date. 


Renewal Los Sheet 


CaUNumbet | 

Badge Number 

If Known 

By 



Series 
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Pan 

Copy' 
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'«ill bill fot yie overdue based on ihe discharge record cteaied by the renewal At 
the library’s discretion this book can be ailed m for a violation of bbrary 
practices 

A book that is on renewal a subject to caU*iR if a hold is placed on it The 
Hold Service Program prints out the data necessary for the librarian to initiate 
the call-in 


Service Programs 

Gean-Up Program. The Gean-Up Piogiani reads the entire Cucolation File 
serially If a record u charged out to a long-teim library function (such aS 
paduate reserve or a bmdery), it is wntten on tape to go to Internal Systems 
Checkout If a record is active in some way (that is, control character 4 is 
not a P), It IS wntten on the new cmniUtion file The disk for the old circulation 
file IS then temporarily saved for back-up and, using a tape-to-disk program, the 
new circulation file is wntten onto disk A schematic of the Qean-Up Process iS 
shown in Figure 15 15 

Internal Systems Checkout Update Pmgjram. This program wiU take the 
records that have been accumulated on tape by the Qean-Up Prograin along with 
unsatisfied discharges from the Temporary Tape, sort them, and then process 
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them againtt the Internal Systems Checkout Tape When a tlischatge is 
successful, It IS wtiticti out tempotanly on disk so that it may later be removed 
from the Temporary Tape A new pimtoul of the Internal Systems Checkout 
Tape IS prepared at the same time A description of the process is illustrated m 
Figure iS 26 

Circulation Service Program The Ciiculaiion Service Program processes the 
Call Cards into which call numbers have been key-punched because the book 
card was missing in the transaction It appends the call number to the record 
that was written on the Temporary Tape and attempts to record the charge on 
the Circulation File just as the nuin Circulation Program does, checking for 
errors in the same manner 

The flow diagram for the Circulation Service Program is shown in Figure 
1527 

Hold Service Prograni The Hold Service Program is used to place holds and to 
record discharges of holds At the tune a hold is placed, the copy number of the 
book that this hold is recorded against is punched into the call number in the 
Hold-Call Card Thus, in alllater processing, we know the precise call number of 
the book against which this hold has been placed If a book on which a hold is 
placed IS a renewal, a printout allows the hbrarian to generate a call-in notice 
The flow chart of the processing of holds is shown m Figure 15 23. 
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i tjure IS.26 Inltinalsystemtchccl-out update process 


Reiici^jl Sen ICC Progfoin. The Renevsal Service Program is used to recharge 
books \shcn the Book Card u imssins In this situation, an exact call number is 
gisen by the patron (including copy number) The old record is discharged by 
cnteiing ihe return dale and anting a copy ofil on the History Tape with an R 
in control character 4 The recharge appears as a new charge uith a new due date 
but IS djstinguislied by an R in control character 2 If Ihe book is overdue when 
It IS lenevsej. the Overdue Billing l^ogram will generate a bill for the overdue 













Figure 1S.27 
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period and the librarian can make the decision as to whether to call the book 
back in 

A schematic of the files used by the Renewal Service Program is shown in 
Figure 15 28 and a flow chart of the renewal process Is shown in Figure 15 29 



Overdue! Billing Program. Oveidues billing is performed by using the History 
Tape as the source document Every discharged record is recorded on the 
History Tape in order by calendar day of discharge- Thus, by inputting the day 
on which the billing ^ould start, the Overdues Billing Program processes the 
History Tape for that day and ail succeeding days If a Borrower File is available, 
then It would be accessed by badge number to allow the patron name and 
address to be printed autonuucaUy 

In cases where the borrower charged out a book without a Badge, the Call 
Card IS the document used for obtaining the biUing name and address The 
Overdues Billing Program wntes out onto tape not only those returns that were 
overdue but also all other returns for whKh a Call Card was part of the 
transaction A code of 1 in control character 4 indicates that this is a normal 
return If ihe return was generated by a renewal (that is, control character 4 




Figure IS 29 
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contained an R), the generated return u wnlten onto tape only if an overdue 
charge is to be made In this case, a code of 3 is entered in control character 4 

A schematic of the files involved in the Overdues Billing Program is shown in 
Figure 15.30 

Call Card Service Frogram. The Call Card Service Program is used to extract 
Call Cards from the Call Card File after the books to which they refer have been 
returned to the library These Call Cards may represent books that have been 
returned overdue, books that have been returned on time, or books that have 
been renewd overdue. The Overdue Billing Program has recorded these 
transactions on tape with control character 4 set to 1, 2, or 3, respectively, 



1 1S.JO s.hcm.l« b, 
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Call] IS not found is NMittcn out on the punter so that a later search may be 
pcifotincd 

Tile Call Catds fur oicrdues go to the overdue billing cleik The Call Cards for 
overdue renewals ate kept in a separate group, since they will be returned to the 
Call Card File after overdue billing The Call Cards for normal returns nuy now 
be discarded if the library so wishes 

A schematic of the files processed by the Call Card Service I’rogram is shown 
in Figure 15JI. 

OicrJue and Call In A’o/ree iVograni Overdue notices and call-in notices are 
generated by cniiiely passing the Circulation File If a book is determined to be 
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overdue and control character 3 is a 1 (the signal to generate a call-in noucel Jh 
call-in notice takes precedence over the overdue noUce If an overdue notice ot 

call-m notice has already been sent, control character 3 Will be either C * 

0 Second and final notices arc sent from the muliinle rnn,..r 
.nd not Etnetated again by the nompotei. 

If a transaction has been determined to require a nntiffl e-.l . 

IS identified in the transaction, the apptopiute notice j. nr/»' J ^ borrower 
in mnliiple cop.aa Howevar, if th. bo„ow» .daot.r,cab„„ !r"ot”.d,T.°b" 
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transacuon is written out onto a work tape with control character 4 set to 4 for 
overdues and 5 for call-ins Notice that a Cor O, as appropriate, is recorded into 
the transaction on the circolation flit. 

This work tape is then sotted and the Call Card Service Program is used to 
pass the Call Card File to extract the call cards needed to prepare the notices 
Transactions for which call cards are not found arc printed out After the notices 
have been prepared the Call Cards are relumed to the Call Card File 

The schematic showing files processed by the Overdue and Call-In Notice 
Program is shown m Figures 1 S 32 and 15 33 



ligure 15.33 Schematic or nles used by Oveidue andCaU-m Notice Program 


Librarian Service Program. The Libianan Service Program has two modes a 
query mode and an alter mode The query mode may be activated either by the 
console typewriter or batch processing The mode may only be activated in 
the batch mode Ideally the query mode should always be resident in the 
computet, available to be accessed at will. However, with the large number of 
servicitvg ptogcams tequued as the result of limited peiipheial equipment, it 
seems best at present to treat the Ubianan Service Program as any other service 
program which has control of the computer only at specifically allotted times 
The description that follows applies to batch piocessing of quenes and “'alters ” 
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All batch quctics aie idcnlifictl by a m column I Ibe file to be queried u 
identified in column 3 C for ciiculitioit. II for holds, and A for additional 
holds Starting in column 5. the key to be searched fur is entered The 
Circulation Tile and the lioldi File arc kc)Cil by call number and the Additional 
Holds File IS keyed by uansacuim number because of the organiaalion of (he 
files they may only be entered by Uicse keys At times the complete key uill 
not be knoHn, for example the copy number may be missing from the call 
number The query mode vsiU either print out the record with the exact key 
requested or it \m 11 print out "SoT I OUNI>~ followed by the record with the 
next higliest key In the case vi here the copy number is missing from the inquiry, 



t igute IS 33 SchemsUc of files proceswd by Call CaiJ Service Program Vihen used m 
conjunclion wilti the Overdue and Call-in Nolh-c Pioeram 


the printout following the “NOT roUND" could have the same call-number 
with a copy -number entry This should help to provide some of the information 
being sou^t 

The ’'alter” mode requires an exact key to function If a match is not made, 
no alteration will occur Keys may not bealtered. All alters are identified by an 
A m column 1, the file to be altered is identified m column 3 by a C for 
Circulation File, and H for Holds File, or an A for Additional Holds File The 
key 10 be searched for is entered staibng m column 5 The starting character 
position in the record to be altered is entered m columns 30-3 1 , the number of 
characters to be altered in column 33-34 and the characters to be placed in the 
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record start m column 40 Control chaiacter 4 of the circulation record may not 
be set to P for purge unless the Histoiy Tape is available in the system for 
receiving the purged record. A similar situation holds true for renewals. In all 
cases a printout of the record before alteration and after alteration occurs. 

Extending the Off-Line Circulation System 

The olT-lme circulation system, just described, can be given some of the 
features of an on-hne circulation system by connecting the small-scale batch 
computer to a larger tune-shared computet via a high-speed communication bne 
The larger computer uould have remote terminals, nhich could be used to query 
the Circulation File The software that supports the terminals is resident m the 
larger computer, as would be the programs that would format the information 
entered to make it ready for transmission to the smaller computer Thus the 
smaller computer would need only a imnimum program to process mtemipts 
from the larger computer, to receive the data request already formatted, and to 
extract the record requested from (he computer files The raw data would be 
transmitted to the larger computet where it would be formatted for output at 
the requesting terminal 

The revene process is also possible If the Borrower File, for example, is 
created and maintained by the large on-line computer, bonower information can 
be requested from the larger computer by programs resident m the small 
computet Again, all formatting takes place m the larger computer so that the 
smallei, slower computer n not burdened with additional memory or time 
tequuements 

Other files can be cross-examined in a similar manner as applications present 
themseUes Always the smaller computer will only transmit requested data to 
the larger computer for formatting and processing there. This technique greatly 
expands the computmg power of the smaller computer while allowing the library 
functions to run autonomously on a smaU, less-costly computer 


ESTIMATION OF PROCESSING TIMES AND COSTS 
Parameters for Estimation 

Figure 1534 lists parameters involved in estimation of processing tunes and 
co»ls. Where possible, “representatne values'* (which ought to be relatively 
similar fiora one library to another) and “iBustrat rve values," based on the library 
of Figure 14.11, have been speaCed These wiU be used m the esUmates of 
piocessmg times and costs Of the various flics desenbed, the magnitudes of the 
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Repieuntative 

Values 

Illustration 

1 Amounllof Acllilt¥ (ptf Stonik/ 

Vi Number of chutes and renewats 

t'j Number of holds tor other 


100.000 

miertotitions) 

Vj Numberofchuite*toborio«cr 


10.000 

Retisier 


UOO 

t'a Number of osetduca 


24100 

i Slit ofRtenrJi with Ftitt 

At boirowcr record 

ISO 

ISO 

A} Charge record 

60 

so 

3 h'umbtr of HtcwJt 

Avetage number of outstanding chait<a 


S0.000 

Af} NumbetofbonowefS 


50,000 

^ Silt ofOutpul(Luitt per form) 

0| Overdue notices 

4 


0] Reiiuest foe telum 


4 

0) Notice of availability 

Ot Borrower Usting (alphabetic 

4 

4 

sequence) 

0$ Bottowei listing (budget numbet 



sequence) 

Os lloldi luting 




Transaction File and the Borrower File dominate, by far. all other files 
Therefore, estimates are based primarily on the handling of them 

Illustration 

For illustrative purposes, the cost of processing the Borrower File is given m 
Figure 15 J5(a) to (e) and the cost for Uic processmg of the Cuculation File js 
given m Figure lS.36(e) to (c) Some assumptions have been made, as already 
described and as luted below. We must emphasize that this is for illustration 
only, for accurate estimation, data must be examined in the context of the 
specific library ** 

Foi compuison with the estimaCes of Figures 35e and 36a. the leadei should examine 
those pven m George Fry and Associates, Study of Circulation Control Systemi Chicago 
American Library Association and Council for Library Resources. 1961 











Figure IS 35c SmaiHcale batch compuUi 
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Estimates of Key-Punching Tune and Input The Borrower Registration File is 
assumed to have been created as an adjunct to other processmg (for example, 
from student records in the university administration), therefore, maintenance 
of this file must cover only changes and additions from creation of one such file 
to creation of a replacement, estimated at 3 percent per month or 1500 items If 
the library must create the master file itself, additional costs (roughly estimated 
at 10c per borrower) wiU be mcuired each Ume it must be done For example, if 
the file mvolves 20^)00 student records which must be recreated each semester, 
Myboarding and mput costs wiU be incurred averaging about $500 per month 
Overdue fee payments during the month must also be punched, these are 
estimated at about 2500, or 2 percent of the transactions For the Transaction 
File, 10 percent of the charges arc assumed to have been made without Book 
Cards and therefore require keypunching of the caU number into the transaction 
cards as well as the preparation of new Book Cards 

About 400 queries pet day arc assumed, these may be requests for 
mforrohoQ only or may cause the placing of a hold on a book m circulation On 
a daily baas, charges and queties are input mto the system m a volume that 
represents 10 to 15 percent of the Transaction Files 

Estimates of Sorting Time. Except in the handlmg of the Borrower 
Mpstration File in the manual and punched-card methods, httle sorting « 
performed amount of time used in sotting the files themselves would be far 
in excess of that used in duect access to the files. 

fot rile acce» (both direct md 
tequential) are computed (torn the aitiount and frequency of Input to both the 
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prepare overdue biUi All noti«t and bilb are eslinutcd at three lines of printed 
output On a daily basis, items (hai ate on hold, and therefore nuy not be 
renewed, arc printed out. at one line p« bold Two Borrower Lasts are printed 
out each month, one m alphabetic sequence and one in badge number sequence, 
with two lines of printout fot each borrower record 

Eiiiimtcs of Coiniioncnt Coilt It has been assumed that charge-out terminals 
are manned by student personnel (at a cost of S2 per hour) The number of 
terminals and the length of time that each must be manned are dependent on 
many factors It is assumed that tliey total 100 man-hours a day 

If the library is responsible for Ihe issuance of borrower badges. Uicn an 
additional cost of about 2Sc per badge must be added to cost estimates 


Suggested Readings 

The follow ing proi i<le coverage of a natieiy of cireuiiuoa oontiol systems 
Becker, Joseph, “Cuculation and iheComput«r,’*^mrric0n Library Attoeation 
bulletin, S8 (S) (December 1964), 1007>1010, in a senes on Data 
Processing Equipment in Libraries 

Pry, George, and associates, Siujy of Circulation Control Syttemi Chicago 
Library Technology Project, Amencan Library Association and Council 
for Library Resources, 1961 

This should be a model for anyone concerned with the analysis and 
evaluation of library clerical systems, iti general, and circulation control systems, 
ui particular It provides detailed cost analyses for a large number of 
systems- manual, photographic, and mechanued 

Hunt, Donald H , ed , Charging Syittrnt, Dreict Library Quarterly, I (J), July 

1965. 

This provides a description of a vanety of circulation control systems 
Pirei-, Irwin H , et al , ’'Mechanization of Library Procedures m the Medium- 
Sized Medical Libiaiy II. Cuculation Records," Bulletin of the Medical 
Library Association, 53 (2) fApnl 1964), also S3 (January 3963), 
pp 99-101 

This provides an excellent dcscnption of an operational, computer-based 
circulation control system 



Chapter 16 

ORDERING SUB-SYSTEM 


INTRODUCTION 

This chiptt, discusiei the put thil the tcmpoiei can play m the clencal 
piocesaet involved in the acquisition and ordenng of libtaiy matenala, whether 
y purchase, gift, or exchange. 1116 term “bbtary materials'’ includes mono- 
paphi serials, and other pruned materials as well as nonbook materials such as 
microfotms, phonodiscs, ind magnetic tapes 

Acquistion and ordering involves the steps Ulusirated m Figure 16 1 
receiving requests for material, venfymg bibliographic descnptions. ordenng. 
tecemng, and paying, physical preparation of the matcnal.and keeping track of 
Bs status from the beginning through cataloging, until it reaches its final 
destination and all documentation is complete Input to the financial subsystem 
encumbrance of funds and control of ex- 
nrnvi t Au'l, •" suppoit of library management, must be 

mowded Although gifts, bimket orders, xud exchenges enter Uie processing 
r'’'" “'"hm Ihe Lbrsiy or from lodmdnJ 

reqra on, these ty pes of orders mutt ilso be included m subsequent operations 
Ukk k requirements, and there are several areas m 

*^ch the computer can prov.de signrficant assistance m handling the work load 
For example, for items appeanng on a Ubrary of Congress MARC tape, much of 

‘->^rary Rr.orJ. S* <8) 

Un'nituw "f nf ■ l^octJum In Medium Size and Urge 

uioranei. Unneruty of llUnon, NcncDber. 1962 
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the burden of bibliographic veiincation (as wcU as subsequent cataloging) can be 
assumed by the computer Information concerning which titles are on order and 
what their progress is can be readily provided from "in process files" maintamed 
by the computer system.’ * 

The computer can be particularly valuable in fund accounting The 
apptopnate fund can be encumbered immediately, as soon as the matcnal is 
ordered Reports on the status of all the funds can be produced penodically, 
showing the encumbered and expended totals for each fund and providing 
up to-the-minute information of free balances available on funds Sucli a system 
has been operational since December 1966 at the Brown University Library It is 

’ Randall, G E , and Rofei P Biutol, *'PIL (ProceSiing InfonnaUon Lnt), or a 
ComputeiControUed Piocesswg Record." SpecuU Libtanet 55 (2) (February 1964), 
82-86 

Schultheiss, Louis A , ‘ Data Piacersnig Aids ui Acquisitions Work," Library Resources 
and Technical Services, 9 (1) (Winter 1965), 66-72 






5S0 Ordenng Sub-System 

reported to have reduced clerical time by about 20 hours per month attd also to 
have given tighter control of fund accounting * 

An automated acquisitions system can produce order forms automatically * 
long ago as 1957 the University of Missouri pnnted their purchase orders y 
using punched-caid equipment ‘ Today there are many other hbranes tha 
produce their purchase-order documents by using computer-based systeim 
Some, such as the Uruversity of Michigan, Cornell, and Texas A & • 

key-punch the order data and then feed the order information to the computet ' 
which pnnts the purchase order form ’ In others, such as Yale, Harvard, an 
Brown, the order form is typed on a typewriter, a decklet of cards is 
simultaneously key-punched for subsequent input to the computer, which then 
updates files * 

Claumng is an area where the automated system can also be helpful- The 

Umversity of Michigan has a system whereby claims notices on overdue orders are 

pnnted at monthly mtervals* It provides facibty for slating, a* part of the mpnt 
information, the period after which any pariicular order becomes overdue F®* 
example, this period wj] be longer for orders sent overseas than for oidet* 
delivered at home It also pnnts a list of exceptional orders for detailed 
investigation, such as those for wHkK three claims notices have been sent 
Other useful end products can be the automatic production of spine labels 
and book pocket labels for use in preparation of the book for shelving and of 
prepunched book cards for use in arculalion control, as illustrated by the library 
system at IBM’s Advanced Systems Development Division m Los Gatos, 
California Bibliographic data developed dunng ordering can also be used for 
input to the production of catalogs (as discussed in Chapter 17) Machin® 
processing also can provide uiformation for bbraty management For instance, if 
a user's request lags m preordet seacchuig longer than the maximum penodsetby 
management, the machine monitor will inform the supervisor that the particular 
request must be processed and moved on, and the monitor will continue to 
notify the supervisor until a purchase order is issued. Smularly, the monitor will 
put out claim notices to dealers when material has not amved on time, and 


* Wedgeworth, Robett, Biown Uiuvemljr Library Fund Accounting System,” JourM^ 
of Library Automaiion l(l)<Much t96$),Sl-0S 

* Parker Ralph H . “Automatic Recoidi System at the Univeisjly of Missoun Libiary. 
College an-i Restarch Libranet 23{3)<May 1962). 2J1-232, 264-265 

Thomas Ellen. Automated AcqutultonM Sytum Draft of Manual of Procedures, 
Cornell Unrvenity Library, January 1968 
‘Wedgeworth, Robert, o/j cir 

Punbp, Connie R , “Automated Acquisitioos Procedutei at the University of Michigan 
librmf Library Resources and TtehmcatSemcei, II (Spring 1967), 192-202 

Ui)es, R. M , The Concept of an On Line, Total Library System, Chicago Library 
Technology Project American Library AssociaUon. May 1965 



I ilct tnJ I > 


orm> S5I 

rolloMtng a prCiSetcrmincd number of daun notices, the monitor Mill issue a 
cancellation of the order 

In addition, the monitor also rcgulailjr supplies library managers uilh 
information about the amount of material in each subsection of manual 
processing, the amount of material entering and leaving manual processing, and 
the amount moving from one subsection to the next These graphs can be 
produced weeUy to show activity for past uecLs plus the most recent ucck so 
that management con detect trends in processing activities. 

In summary, the functions of the computer in an ordering system can be 
thought of on three levels (I) machine processing of specine clerical functions, 
such as preparation of orders, posting to fund accounts, preparation of reports; 
(2) machine monitoring of the flow of iruteiials through the system, based 
primarily on the maintenance of an "in-process file"', and (3) machine assistance 
to management, m the scheduling of work loads, pinpointing of danger areas, 
and reporting of performance 

Manual operations will usually still be necessary in preordcr and postorder 
tearching. selection of dealers, cataloging of material for which no catalog data is 
BvaUable. and physical preparation The irachme, however, will produce 
supporting tools a list of all items being processed, ananged by author, 
another list arranged by order number, and a fund comirulment register 

files and forms 

Figure 16 2 lists the various files required in an automated ordering 
system ' ‘ One file is central- the 'In-Process File ' It is the primary means by 
which the library controls the progress of an item, from request to order to 
processing to cataloging 


Figure 16,2 

Forms and Tiles in oideiing module 


F# 

In process T ite 

Request Form 

Input Torm 

Clunge Form 

F|o 

Order File 

Older Fonn 

Fiscal Cbanpe Cards 

Fjl 

Vendor File 


Fund File 

Fls 

Invoice File 


** Sweet. A P, ‘Torms in Acquisition Work," 0>Begt end Research Libraries, 14 
(October 1953) 398-401, 452 











Figute 16J2b Older rUe 
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Order number and bibiiographjc mfomuUon giving the author's name and title in 
full as well as the LC card number, if known It includes indications of the 
present status of each item-“otdet received," "waiting to be cataloged," and 
others such as those shown in Figure )6 4 Other information, which may or 
may not be included, ate the dealer’s code number, estimated price, invoice 
number and price, and requestor's name or identification number. The file is in 
author/title order 

Since, at the time of conversion, there will be a considerable number of items 
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Flgiltc I6J (Contutued) 


in process in an existing manual acquisitions system, it would seem reasonable 
initially to enter only new orders to the automated system Cards most be 
punched girag the infonnation shown in Figure 163, except for those fields, 
such as imoicc number and pnce. not knoiwi at the lime After a period of five 
or SIX months, the number of stems in the manual system should have decreased 
to a iixe where entering them into the automated system can be contemplated. 

Status Change Cards giving the change of status of items— "order received, 
“canceled,” and so on-are entered to update the In-Process File. These change 



iiSufel6 4 SUluiindKitottfoila Pioccul iktcconlL 


UiteJ 

hiictuM ot Jer « niten 
ID CaiJ^nitcn 
Lflcunil<KJ 

OtJct icvcrtcJ 
Invotce recciveil 
OtJct paUl 
OvctJue 


back oftlcicd 
Pattul ofiitf fcccWcii 

WfOAS IMlCtUl 

l>e/<cl(r» iBiletUl 
Canccicti 

WuiiAf (o be catilogeJ 
dear fiom in hoceu i its 
CopicJ 10 Slaajing Order 1 ile 


cards are produced by output from the computer u hen an order is iniiiaied, and 
can be prepunched as shown in Figure t6J Dbnkct orders, gifts, and other such 
items for which there are no prior ordering opeiaiions might also be iniluUy 
entered m this way Once items have been fully cataloged and shehed. the 
records are removed from the Hie (after a suitable length of time to ensure that 
catalog cards have been filed for these items) Canceled and out*of punt items 
are listed, transferred to a historical record, and ihtn erased from the hh 

Tlte primaiy output from ihu file is an In-Froccss Last providing a vuual 
record showing the status of each uem. In a batch system, such a list is essential 
Although an on-line system seems to eliminate the necessity for such a visual 
record, it still has unpoitance, as back-up and as a means of satisfying 
request needs that do not requue up-to-date infomution. Such a list involves a 
considerable amount of ptinungand would be pnnied iclatively infrequently. In 
a batch system, it must therefore be supported by a cumulative supplement In 
an on-Lne system, direct interrogation of the file would be used instead Other 
reports produced ate notices to requestors, estimates of cataloging woik loads, 
lists of fully cataloged new acquisitions, and bsts of canceled and out-of-pnnt 
Items Provided that the bibliographic information is up-to-date, book labels, 
circulation cards, and spine labels can also be pnnied as illustrated m Figure 
16.6 

In an on-lme system, the In-Ptoccss File will be available for direct access in 
response to any need for information or for addition and change of information, 
limited only by the capaaty of the system to handle the volume of intenogation 
activity. In this way, the status of items being processed wUl be up to date and 
can be known immediately without the delays and maccuracies inherent m the 
In-Process List and its Supplement, requited in a batch system. 

In summary, the In-Process File gives mforraation on those items that are on 
order, indicating what their status a. The updating and pnnting of the 
corresponding punted list may take several hours for a medium-size library and, 
hence, is a costly operation. Theiefoie, it should be printed relatively 
infrequently-pcfhaps weekly, biweekly, or even inonthly-and supplemented by 
a daily cumulative change list Where an on-line system is feasible, the printed 




Figure 16 J Status chaige cards 

nporf and seircs Ihoa funn.ons that do not lequne 
up»-to-thc-rrunute accuracy ’ 


nttaa,™ “ r“' '''»*»• Fnnd, and Invo.ce f.lea. provides the 

He ™d eo ‘T Ki' ““"“"""B enbsysten, The typ.eal Order 

L Ln te Otan the cortesponchng In-Proeeas FJe record 

as can he seen from Figure 16 7 1, ,,, aecountiirg informahon. but 




1 ilr> anJ 1 


orms 56 1 



iigutel6.6 Spine an<il>(X>fc labels pnnlcd by computer 


omits the bulk of the bibliographic information Truncaleil forms of the author 
and title fields are used 

This file u sequenced by order number, a unique number given to each item 
on entry to the system Normally, orders can be grouped according to the date 
ordered and within that according to assigned dealer. At the time of ordering, 
the items are sotted by dealer to produce consolidated printed orders. 

The creation of the Order FUe follows the same pattern as the creation of the 
In-J>rocess File, and actually the same input tsin be used to create both files In a 
batch system, new items are entered daily to the Order File In an on-line 
system, they would be entered directly. 

Order Change Cards, indicating that a book has been received (Figure 16 8) 
or canceled, and Invoice Information Change cards (Figure 16 9) are entered 
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Tiguie 16 7 Older file lecoid 


to update the file As mentioned previously, part of these change cards can 
be prepunched. Output from the Order File therefore includes order 
forms, vouchers or authoruations for payment, checks, and claims notices to 
dealers 

When authoruation of payment of an account has been made and (if desired) 
a check issued, the items on that account can be transfened from the file to an 
histoncal file, along with any canceled items 


I lie* anti I . 
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Figun 163 Order change cud* 


In summary, the Order File is the main record for all internal library 
accounting procedures. Although it duplicates some of the information in the 
In Process File, it has deliberately been kept separate because accounting pro- 
cedures in the library are quite mdependent of the bibliographical procedures 
This therefore allows the tuning of the production of accounting information 
and bibliographic information to be detenmned independently. 
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Figure 16.9 Imoicecluiige eardr. 


Vendor File 

The Vendor File correlates the vendor code number iwtli the vendor’s name 
and address for the printing of orders and claims notices It also keeps statistics 
of ihf Kndof't s^UnUes 77te /bnnaf of the records is sftottn tn Frgtrfi? 

The file is in lendor code number order 

The vendor name and address is punched from the manual file. A code 
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number must be provided for each vendor. Since the number of vendors is 
reasonably limited, these codes can be assigned to the list in alphabetic order by 
Vendor name, with intervals sufficient to allow for interleaving of new dealers 
The file will then be in alphabetical order as well as code number order. New 
dealers are manually assigned an appropriate number to retain the alphabetic 
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order of the file and this information together with their name and address 
entered into the system 

The statistical mformation kept in the dealer record will indicate that some 
dealers, although in the permanent file, ate used only occasionally The 
information on these dealers can, if necessary, be transcribed to an “Occasional 
Dealer file on magnetic tape and the record erased from the direct access file 
They would then he added to the file only wtun an item is ordered from them 
When the item has been processed through the accounting procedures, the dealer 
record is retranscnbed 

Periodically a statistical report is generated giving the number of items 
handled by each dealer, the average delivery time, and the number of items 
canceled because of inefficiency on the part of the dealer This report will also 
flag those dealers who have handled very few items so that records on these 
dealers can be transfened to the Occasional Dealers File. 


file contains complete information on the status of each fund The format 
of the records is shown in Figure 16 11. The file is in fund code number order 
As in Ae case of the Vendor FJe this file is created from data in existing 
nunoil Fund code numbers musl be ess.gned The number of them u 
relatively mall and therefore, as mch the Vendor Fde, the codes can provide a 
specified order, alphabetically (by name) or any other desired 

New orders initiate encumbrances on the appropriate fund Entry of the 
Invoice Information Change Card causes this amount to be disembursed, by 
reletence to the appropriate item m the In-Process Fiscal File, and causes the 
total spent to be updated At the begmrung of a new fiscal year, the total 
S ^ previous years’ balance must be 

adjusted New funds may be entered as they are established 
anri H ® statement giving the present state of aU funds 

^da danger list of funds neaimg depletion The first of these two reports will 
d!rfri . “danger” list will be printed daily, or as needed The 

o p ace a und on it is based on rate of expenditure and expiration 


Invoice File 


fonnat of the records is shown m 
f .u “I order. This file will be created as 

When an invm ® ealcrs for items ordered under the automated system 
voice IS received, the invoice number, the corresponding order 
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Figure >6.tl Fund file record 

numbers, and the prices of the items on the invoices are added to the Invoice 
File 

The Invoice Information Change Cards indicate when a book has been 
received or canceled, and this mformation is transmitted to the Invoice File 
When all the items on an invoice have either been received or canceled, a voucher 
or an authorization of payment can be issued for the invoice and its record 
erased from the file Output from this Cle is the authorization of payment of 
invoices report as described above 
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/Study 

figuic 16 12 Invoice His tecoid 


A SAMPLE COMPUTER SYSTEM 

A schematic of a processing ^slem u shown in Figure 16 13 Viewed as a 
batch-processing system, machine configirations such as the ones shown in 
Figures 14 2 and 14 J would be used, for an on-line system, a machine 
configuration like that in Figure 14 4 would be used Even in an on-line system, 
howeser. much of the processing will still be handled best in batch mode.'^ 
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In opeialion, on-line ili«k packi nuintain theaclive Tile of information on all 
>ten\j being processed by the library Within this file are record* for each item 
containing all the various dala-bibliograptuc, processing status, and fiscal— 
relating to it Normally, the record is created at the time an order decision is 
niade, and the data entered is (hen in as complete and accurate a form as 
possible U, for example, an LC proofsheet is available, all of the bibliographic 
data elements (through ‘’senes note") arc entered, properly tagged Procedures 
are included for making corrections, changes, additions, or deletions to any 
record at any time. 

Request and Search 

The requestor of an item, either a librarian or library user, fills in a request 
notice (hke that in Figure 16 14) giving as iiuichmformation as he knows on the 


Burgess, T , and L Ames, LOLA—Ltbrgiy On Lme Acquisitionf Subsystem, Washing- 
ton Slate Univensty, July 1968 
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Figure 16 14 Request form 


>tcm ‘ ’ An entry is made in the In-Proce« FJe, listing only the barest of 
identification data Then, the librarian receives the request slip and searches the 
library holdings to see if the item is there She checks the In-Process File, or the 
conesponding list and its supplement, to see if the item is already on order- If i* 
IS, then she still may decide whether mote copies are justified 

The librarian selects a suitable fund, checking its status in the Fund Fife, or 
the corresponding report supplement, and “danger list” to see that the fund is 
not depleted The vendor is then selected, and an estimate of the pnee is made 
Then the Lbrarian types this information onto a process sheet (shown in Figure 
l6 IS) which becomes the permanent.hard-copy record of this order. 

In a batch system, a decUet of cuds (shown in Figure 16 16) is then 
produced to enter each new order into the system In an on-line system the 

' ’ iliict, R M ,op cit 
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purchase request informaljon, wherr convicted and verified, js entered directly 
at a terminal m commumcation with the computer 

Each field of data is tagged at the time of input, and the computer then 
checks and edits the data This includes checking for vahd fund code numbers. 


PinD.iiiiiiiiuiiiiiiiLijjmmmrrTTnrTTmrTTi 




Note It may b« adnubte (o utwrt an entry Author-Title 
Code luy 6 charactert) on each card to ensure that 
the dechiess are not mtertningted 
FtjuR 16 16 DecUet oC utput cesda 

budget information, order type, amounis. and the like. The computer then adds 
the resulting records to the In-pH>cess File, and outputs prepunched book 
control cards These cards will subsequently be used to input data when books 
are leceived and as they move fiom one process to the next 

Order 'Wnting 

This program ^Figure \6dT) pnnU ordeis, updates Kes, and products pte* 
punched change cards It is run daily As Figure 16.18 shows, all of the Tilcsare 
accessed by the Order Writing Ftognm, the In-Process Fiscal, Vendor, and Fund 
Files-and all are on a disk Cle timt 
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fipiie 16.17 Otderpiocesanfi 


U,= „.w ordc.5 ... .ortcd by ..ndo., and .n 
Fund Fd= u checktd by Ihe computti to ensure Ih.l “J' 

then encumbered by the sls.ed un»o«t A f " e vl„d“ 

w,th.n 5 percent (ot simdsr peieenUge) ot tot.1 rmd.ble ,s punted The Ven^^^^ 

Fde .. updated w.th the requited Occasional Veudo. recmds.adding the relevant 
otde, numbers of item, ordered from these rreodors Tbe ordere ^ 

pnnted. Tl.ree different chaoBC cards are produced “ 
operatrons These ate pt'P“"chc<> “'tt f, ° a o^ 

number of copies, and date ordered, as shormt m Fibres 16 5, 16 8. and 16 9. 
Then the new orders are sorted by authot/t.Ue and merged into the In-Ptocess 
File At the same time, the In-Pfocess Supplement Program can be tun 


Ibid 
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Figure 16.18 Contents pf Disk File 


Order File 2 J20/)00 characters 

Vendor File 100,000 characters 

Fund File 30,000 characters 

Invoice File 40^100 characters 

The total capacity required is 2,700,000 
characters Ttie Tile staes are based on a itpitv 
entative library, «il]| 30,000 orders in process, 
2,500 new orders and 2,500 blanket orders per 
month, 300 diXfeienl fund records, and 100 
vendors 



IiFProcess List Printing 

From the new orders and other changes to the In Process File, the weeldy 
•'In-Ptocess List” and, in a batch system, a daily cumulative supplement art 
produced For the latter, the In-IVocess File will result in a one line output of 
relevant data (Figure 16 19). 



A Sample Oxnpuicc 2>)(lcm j7S 

The input consists of In I’rocess Status Oianfcs catJs (Figure 16 5) These 
cards were prepunched by the Daily Ordcf Writing Program, and it only icnuins 
to enter the appropriate code each time the item changes slatus-for example, 
when the book is receiNed or sent foi binding or cataloged, and the like 

The status of items in the In-lhoccss File is updated by Using the clunge cards 
described above After itenu have been cataloged they are retained on the 
In-Ptoccss file for perhaps another three or fotu weeks to ensure that the catalog 
data has been filed in the library holdings During this lime they carry a special 
marker to show that the complete record is to be transferred to an archives file 
(thu can take the form of magnetic tape, pundied cards, or printed list) and 
then erased. When ilerru arc received for requests not originating m the library, 
records must be added 

The output includes the In-Process List and its Cumulative Supplement giving 
full bibliographic information on each item and its present iUtut Requestor 
nonces, cataloging work loads, newly cataloged items list, and the Archive File 
are also produced 


Fiscal Processing 

This program (Figure 16 20) is run weekly and is Uic nuin accounting 
program It updates and lists the fund records, prints claims, and produces 
invoice payment authorization. The In Process Fiscal, Vendor. Fund, and 
Invoice Flics are all used by this program. 

When an item is received, the prepunched Order Fiscal Change Card is pulled 
from a manual file, and the “book received” code is punched Similarly, for 
canceled items, the “book canceled” code is punched. As the invoices amve the 
information siiown in Figure 16 9 is punched m the prepunched Invoice 
Information Change Card An invoice record must also be prepared. This must 
contain the information shown in Figure 16 12 except for the “Received/Not 
Received” code Blanket orders can be included in tins program. Prepunched 
cards do not, of course, exist for blanket orders Therefore, the change cards 
have to be punched in enbiety 

The Fiscal Change Caid provides information to update the status of items m 
the Order Fiscal File while the Invoice Information Change Card provides the 
pnee and invoice number Encumbrances can now be removed and expend- 
itures made on these items This program looks for overdue items and pnnts 
claims notices, it also produces a list of potential cancellations in cases where 
several claims notices have already been dispatdied The last major process is the 
preparation of the Receiving Report, best handled as a batch processing 
operation, as shown in Figure 1621. 
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ESTLMATION OF PROCESSING TIMES AND COSTS 

Figure 1 6 22 lists the paiameieis relevant to esUmation of processing umcs 
anil costs, and Figure 10 23 illustrates their use in various contexts. 

Estlrrutes of Key-Boanling 

The estimates for key boarding are based primanly on the assumption that 
full bibliographic dau is input for eadi title at the time or ordering Of course, if 
machine readable cataloging data ts already available-from Library of Congress 
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Comptroiiar Figutc 16.21 Receiving ttpoH 


Marc tapes, for cjumple-the amount of key-boarding required ^klll be 
tignificantly lest In particular, all (hat would be needed is the identifier of the 
stored catalog record, such as the LjC Card Number. On tlte other hand, 
dcternuning that a machine-readable record was available would involve other 
costi-in looking at LC proof slips or in key-boardipg short author-title data for 
search of on-line catalog files 

Aside from the initial entry of descriptive calalogang data, other key-boaiding 
may be needed to correct that data and to introduce clianges when the book 
itself arrives. However, these key-boarding estimates are included as pait of the 
cataloging subsystem (discussed in Chapter 17). 

Estimates of Input 

Data is input at the time of requesting a title and then at the time of ordenng, 
both as a result of key-boardmg Later, data is also input by using reentry cards 
(the "Change Cards” shown in Figures 16 5, 16.8, and 16 9) 

Estimates of File Access 

Each change in the status of a request results in a comparable change m the 
files, and therefore requires access by the computer to stored records Most of 












Repjesentative 

Values 


IUusti»tion 


1 Amounis of Activity Iptr Month) 
Vi Orders 
V2 Blanket orders 
(''3 Invoices 

1^4 Changes per title order 


2,500 

2,500 

5,000 


2 Size of Records 

Ri In-Piocess record 

R^ Changcrecord(alsaRii>A|}) 

A 10 Order record 

Ai 3 Vendorrecord 

A |4 Fund record 

A|s Invoicerccotd 


300 

46 


300 

46 


1.000 

100 

1S$ 


1.000 

too 

ISS 


3 J^umber of Records 

Nx Number of vendors 

fV] Number of outstanding orders 

Ni Number of book funds 

Number of outstanding invoices 


100 

300 

250 


100 

30,000 

300 

250 


4 Sire of Output (Lmes per Form) 

Ox In Process List (pet outstanding order) 
Oi Supplement (per change) 

Oj Fund Ust (pet fund) 

Ot Requester Notices 
Os Orders (per title) 

Ot Change Cards (per title) 

(77 Labels, etc (per book) 


these changes are deKnbcd by the Gunge Cards In the esunules of Figur* 

1 6 23 It hu been assumed that an average of five changes are required involving 
several file accesses to update llie affected files 

In addition, in an on-bne oidenng system, file access will be required to 
handle inlenogations of the files-paiiicularly of the In-Process File 

Eslmutes of Processing 

Asm most bbtary clerical data 9rocessin%,.lhe amount of actual computing or 
internal processing is negbgible Each ttaiuaction might generate fi>c to ten 
record update operations, like that shown m Figure 14 7. However, generally, 
the ujiung IS determined primarily by input-output and file access. 
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Eitimaies of Output 

TIum ptiimty Toim! of oulpot muit bo conoJtitJ Ibo poking “f 
the punctung of rccnliy Ounge Calif*. anJ *be pnnung o n \ , 

Suppltmmls The laigot '•orb loaJ » , 

given litle will appear in it earl, lime il u pnnled. from ihe lime the 
lequesicd until llie title is completely processed 


Suggested Readings 

Tor this and subsequent chapten. one tefeience is crucial 
Tauber. Maunce V . SetiUtt in Libraries. New York Columbia 

University Preu. 1954 

More specifically concerned with mcchanUeJ systems are the foUowme 
descnptiona of installations in addition to those footnoted in the chapter 
Cox. Carl C . ••Mechanized Acquisitions Procedures at the University of Mary- 
land.” College and Research Libranes(May 1965). 232-236 „ 

Juhlm, Alton P . "The Use of tBM Equipment m 

lUuiois Library," Illinois Libraries. 44 (9) (November ”, 

Minder. Thomas L. and Gerald Laionck. w 

Stale University Acquisitions Department. IBM Meelianualion Sy 
posium, l96A,pp 157-165. 
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inJ«c! in end foim. bool. roim. miciotom. oi nUEncl.c form. In 
Clupt., 2. vin icMCil n b.Ee numbe. of p.O)nol. Ihm Ino'C piov.Jcd ll.o no,o, 
Ihrnil fo. mtetan, onion m libmm. Tbo bulk of Ihcm ocic foonsod on 

piobltml in llie nicthjniad pnnliiclion of piinltd caulop nnd indcxti such a 

tlio otfoil, b, fedcial aEoncio.-DDC. NASA. 

icpoit lileiiluii:. those by die Mtional libmiei -NUM, LC. “L-lo pionde 

mSiine pioduced eal.los. and indexc. in llioK domain, of 

by the laige univeisily and publie libianea lo piodnce ealaloga of 

>!> a still. Iheie no« exisl. a broad fonndacion of expeiienee and of maehme 

readable data bases on »bch viilnally any libiaiy can reasonably consider 

“rr:;r Lrr the hbrar, mns. earefndy e^none a 

issues Altai ale Ihc purposes that such calalOES or in exes ar . .. 

conlcnl. otganiaalion. form, and formal should Ihcy ave p 
necessary fonelions' How sliould lire dala for ihem be acquired m rna^ ne 
readable form? How can lire hbraiy exalnatc the "'f'*' f 
compuleit to produce them? Tliesc issues ate ihe concern of this chapter. 


FUNCTIONS OF CATALOGS AND INDEXES 

A aulos IS usually rejarded as being a very different "“”6 Jf™ " 
llstorically hbrary italogs have been viewed as dealing with full biblio 
grapS uiits'ThaMS. b«k. rather .han parts of books), 'f 
viewed as telling where data relating to specific topics can be '““"j 
bibhographical unils. whether books or joomals As we wiU ree 
difference in view led to differences in content and organization catalogs 
providing very fed and complete data and indexes providing only very bnef data 
However, despite these evident lustoncal differenexs. there are very good 
reasons for considenng all forms of ealalogs and mdexes together First from 
the standpoint of production of Ihem by data proce^ing equipment, the 
sinularities are far more signincnt than the differenres Second the semantic 
distinction IS not really clear. There are. in fact, all kmds of catalogs and 
mdexes-vendor catalogs as well as hbrary catalogs, indexes to single bools as 
weU as to subject fields covered by many books Finally, the apparent need to 
distmguish between catalogs and mdexes merely emphasizes mat each can be at 
any point in a broad speclrura of bibliogiaphie desenption By considering the 
entire spectrum, without regard lo semanuc distmcUons, emphasis can be placed 
where it belongs on the real functional differences. , , 

Many different functions, indeed, are served by catalogs and indexes they 
provide bibliographic description of material, frequently specific collections, 
they provide means of intellectuaj access to material, an aid to searchmg for 
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CATALOG AND INDEX 
PRODUCTION SUB-SYSTEM 


INTRODUOION 


computer has any real meaning to the 

S ‘“"■‘"'I- ■"'O' •" 

il«^fhe emit ? ■"teHectuaJ heart of its operations What 

In ”f » “'al»S oc » index rrsanr 

them in on 1111 ^ h”'T’ "“'^“nnation of catalogs or indexes implies storage of 
of comiminf t ®'"“*‘®'”''*'‘h‘*nun-nucIuJiediaIogue”aslhenieaw 
dn,rZoT? , ,,'"11“”"' ™» Picscnted by the report, 

furnre ‘ by the'* " Cbnjrcix' by the book, Ubma of Ilf 

"mfonlution iio '*"'"1"'’ “ "id by much of the research on 

bemx m ‘ ‘"'““Sh very rapid progress i. 

a Urge number ofY'**°'** projecu obviously demonslrale-lhcie are still 
chJenmr^l.^ “ ™“ '» “'icJ before this bold and 

^aZf.SeIrr,„H“"" a ■- Chap'cr 20, we shall 

A more i™f,,a^ ‘‘““““"P"’'"' of the art in their lolouon 
p.a»T;. ir,;lor'''’ "o» weu proien and 

of computm for the prcpaijtjon and dutnbuUon of catalogs 


' Kin*, cabcil. Autamilotf tn. 
Coptitu. l»J 


iMf Ltbr^ 0/ Corgrta. W*ihm|ton. D C: Ubiarjf of 


* Owih*«; Cut ■ 1 'g V* CunbiUi*. M*u. MITPjeu.l96J 

m. 1945 J . R Joyce lUraoo. (eJi.). IVTRix. CunbriJft. ««».: MIT 
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p»bW.,a nulclJ that may be mutceaof Jata on va.tou. ttabject. f“““ 
u qmte Jut, net ftom that of h.bLogiaphlc detcitption. and “ 

the mom .toentta. to the user of the Itbmt, bos 

the bcatms, of . Royal Commiottmt to lomdon, to IM7.1M9 (on to ^talog 
designed by Panizot for Uie hbiaty of the Dttlish Mtiseum) ^ ^ P 
diteuisioni of the piopet tolei ofhbtaiieiandinfo^ ton „ . p 

at. that both functions ate necessao-. but eaclt 

access, . d.ffe.ent cte.ton fo. otgantoauon, and even . d.lfetent content to 
’'°Ac“ tubRct tequne. that the catalog teco.d “f 

to include subject content dcscriplion 01 well 01 bib ogrep . ^.-ngctual 

douig Urn Je, of coinse. immensely peotet. ftom " '"“'“I 

standpoint and an economte one Snbjeet ““'menT and to 

maintained, matetiols must be read and evoluole or . ^ 

catalog or index must be otganizcd by the Ksulung lU J“ ' 

the needs of to use. must be kept m nund because, J*' J'!'™ 
knons the book he wanli and can desenbe it, to P®"®" . only m 

on a subject usually eon deic.ibe etto. to subject or to data desired only m 

'^ZE:yil™\pee.af,mpo.toC.mtoa,easnb.,^ 

sffotd the investment involved. As a result, m con t __jn,j and indexes 

nuintomed by a library fo, 

typical page from one such specialiicd index. 

Intellectual Organization 

Each of the above-listed “ a7^aT„rfm 

mom entry or by subject, '“P“"^ a conceptual Smework of 

possible. In particular, a catalog may cmoooy ^_py,n HacenDtion of 

lelottooslups among the books beyond Shore expbe.t ui to mere description 

c n—cengemi to Inouire into the Constitution and 

* Great BnUin. Commiisioncii Applied 4 1850 ("The Panizzi Report”) 

““ s..™ au™,. 

Committee, January 10. 1963 n^rtorof Technical Information, Department of 

of tb. h.U..A UUnuy U S 

Department of Health, Education, andWrffaie 
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sources of data, they can embody a patUm of mlellectua! organization of 
material, usually as a guide to the structure of the subject matter covered, they 
provide an aid to physical access to matenal. a “finding tool”; they can alert 
peope to the existence and availabibty of relevant material, and they can 
proy.de ao edm.o.rM,, fo, n, ^ 

used to serve one or more of these functions, but its form, its content, and its 
orgamzauon will almost certainly be dicUtcd by the needs of one pnmaiy 
^^pose It IS therefore most important to understand these purposes and their 


Bibbographic Descnption 

coU«horwith^th'^^“^ of a given 

the hbrarC h exacUy what books (or other matenal) 

each « ^*“®*}’‘^‘^^P«*'^‘*e«Pfecise and complete a deKnption of 

biblioaraohv ^ pufposc of much of analytical and histoncal 

uXbttdlv '“"“'P" “ ‘P olSsro » 

1 ! a nusterL'M ff h^ki* (lUustnttd m Figure 17 1) ' >1 

fr.,uen%.h.p,odua«?S„nd'r.Sp“"'“’”’‘ “ 

whethet^^^^M^*'^^^ “ catalog for this function is to determine 

acauired th» i,h example, in the selection of matenal to be 

C ow wJ C ^ =x™pl=, .rchola, rudy waut 

Of In each case the ^ from others he knows 

know,, iy to „r^ cuC®'’ k' “P""' P“°'' “ 

bibliographic descnption **!!* organized around the 

book are to mm for areere C' “T" ' 

corrrnrorUyref.rred.oaa-LCltuoC!:"-."'* 


Intellectual Access 

Library catalogs *su^b!«t^bibl liecausc of the ideas contained m them 

O' catalogs, subject bibbographies. and uidexes are also a means of access to 


ofLtbrann London 


n the Automation 
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Figure 174 {co^tmutd) 

l.b™„ ™d.b (boob. — .p«. "'7' 

instance), different forms (editions, translauon, and ), , 

difteient titles or different anthors. Tins mew impb.s the 

only the hook rtself but the workinid the audio. represemedbyit-W^^^ 

dmiCTsions only y^S'o'^enean Catalogmg Mes and 

has"^:,T‘.:!,;£lt:t,t”^^^^^ -bd bb.«y »bi'od the 


’ Lubeteky. Seymour, Principlet of 
Research, University ot California, July 1969 


Los Angeles Institute of Library 







Figure 17 J Page fiom Science ClUtion ' 
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“mam entry” is designed to lepiesent a specific publication as a representation 
of a particular work by a particular author, the result is that, other, added 
entnes will be similarly related It also has unpbcations for other kinds of 
mdexes For example, the .Science Cttation Index,"* (Figure 173), m effect, 
uses authors and works as symbolic “subject headings” to designate the subject 
fields and ideas represented m them and to bong together other, subsequent, 
sources m which the authors and works are cited 


Physical Access 

Smce the users of the Lbrary do not always know where a desued book may 
be found, catalogs and indexes also serve a directory function; they are a 
“finding tool” The call number assigned to each book and recorded in the 
catalog provides the means of locating a book within the individual hbrary, 
comparable location codes in a union catalog, illustrated m Figure 17 4 (a 
directory of the holdings of a group of libranes), serve to locate matenal among 
them.‘ ‘ In this function, a catalog facditates uiterbbiary loan. 

Alerting 

Recently, the value of catalogs and especially of mdexes as alertmg tools has 
been recognized This function is perhaps best represented by the machine- 
generated Key-Word In-Context (KWIC) mdex, which provides current listings of 
reports ‘ ^ KWIC has been exploited by technical-scientific libraty users and has 
been well received by saence-enguieenng personnel It can be prepared as 
corollary to production of other forms of catalog, without added mput As the 
program is generally written, nonselective permuUng of key words would result 
in entnes for perhaps seven to ten significant words in the title of each report 
Permutation to this extent makes a voluminous index and is usually not suitable 
for large collections, but it does provide many points of access foi alerting An 
example is shown in Figure 17 5'* 

Administration 

Fmally, although thu function b not generally emphasized, a catalog can 
provide a tool to aid administrative control of the library If it included 
consolidated statistical data on the frequency of use of matenal, the catalog 


' ^ Science Citation Index, InsUtute for Scientific Information, PhiUdelphu, Pa. 

' ' National Union Catalog 

Luhn, Hans P . Keyword m-conuxt Index for Technical Literature, (ASDD Report 
RC-127) YorUo*nHeighls,NY IBM. August 31. 1959 

* ’ Permuted Index 10 Computing Rmns, Aasocuuon foi Computing Machinery 
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could aid m deacons oit allocation of nutcml to rescnc collections, to branch 
libraries, or to compact stongc Tlie frequency of assignment of subject terms 
and their frequency of co-occurrancecan be used to analyze the structure of the 
fields covered 


CONTENT OF CATALOGS AND INDEXES 

The different uses of catalogs and indexes have a profound effect on the 
content of entries m them. These range from brief ‘'authordiile" entries, to full 
bibliographic records, to entires with expanded descriptions. 


Full Bibliographic Entries 

The traditional library catalog provides full bibliographic and subject 
description for all types of enttiet-imin entries, title added entries, author 
added entries of all typer, analytic entries, subject added entries, and senes 
added entries This is ctuefly a result of the ready avadabdity of standard sets of 
catalog cards from the Library of Congress and the H W. Wilson Company, as 
tUustiated in Figure 17 6 Tliere arc three specific circumstances in which a full 
descnption of the item in question » useful or even necessary. 

1, When the user wishes to compare the vanous editions of a given work 
that the library has 

7 When the user wishes to know whether the library has a certain edition 
of a work which he is able to specify in some detail. 

3 When the user wishes to choose from among the works on a given 
subject the one that will best suit his purposes, insofar as this can be determined 
on the basis of the information listed in the catalog entry. 


Brief Entries 

Because of this, it might be considered to be desirable that a catalog contain a 
“full” descnption of each item under each entry, in fact, such “full” entries are 
often a hindrance rather than a help to the casual or hurried user of the catalog, 
since the catalog size and search tune are increased without providing additional 
desired information Many tunes, therefore, it is sufficient and even desuable to 
provide very brief entries— sometimes merely an author and title 

If this fonn of entry is used, mam entries or a “register” entry may still 
contain the full information now contamed on the catalog card Other entries 
will then contain at least three elements (a) the “access point” (title, series, or 
jomt author, for instancej under which the entry is filed, (b) a reference to the 
mam entry or register entry in exactly the. form in which it is entered m the 
catalog; and (c) the call numbers and location codes 





Figuni?^ NiUoiulViuoaCiUhelNVC) 
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Figure 17 6 LCcaUlogcaid data 


Figures 17 7 and 17.8 give a number of examples of entnes * * (Figure 17 7 
presents the entnes created from the LC card shown in Figure 17 6. and Figure 
17 8 contains illusirationi of some of the special situations that anse). Each of 
these kinds of entnes is designed to be coasoiant with one or more of the 
functions that the catalog must peiform 

Admittedly, with such abbreviated entnes, the only place that the user can 
consult m order to fulfiD the complete rmige of requirements is the main entry 

'*Caitnght, Kclky U. and Ralph M ShoSber. Oitalogs in Book Form perVeley. 
Califonua. Institute of Library Research, Uiuvem^ of California, January 1967 
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1 AUin cnffy 

WILSON. LOUIS HOUND 

TTie univetuly libtary the oitanuition, idminiitration, and functioni of 
academic Ubiaiics, by Louii RouiiJ ttiltoo and Maurice I Taubet 2d ed. Sew 
York, Columbia Uniircivty Pitta. 19i6 xui, 641 p du^i, tablet. 24 cm 
(Columbu L'niteiuiy ttudwtinlibiafy aenrHe no 6) Includct bibUopaphiet 

2:67SU$W$ 19S6 

2 Title reference tniry 

The unnciuty library See in Name Caulot unJetWiUon, Louii Hound 

Z675 UiWS 1956 

3 Joint author reference entry 
TAUBER. MAURICE FALCOLM. t*0«- 

The univeriity library SeeuodttWiiion.LouiiRound Z675U5W5 1956 

4 SubfectaJJeJ entry 

LIBRARIES. UNIVERSITY AND COLLLCE 

—Wilton. Louis Round The unrveiuiy libiasy, the or^aniaaiion. admimttration, and 
funetiona of academw: Ibranes. by Lowit Round Wilton and Maurice r Tauber 
2d cd New York. Columbia Univcitiiy Piett. 1956 xul, 641 p diagrt., tablet. 
24 «m (Columbia (InhersirrMudieaiA library se/ttce, no. 8; {ndude«biM;opaphK& 
Z675 USWS1956 

5 Serlet referenet entry 

Columbu Univetsiiy itudiei m bbraiy tctvKt 

The Library hat the /o//o u/n/ tiilei tn ihu tenet 

No 2 llainet. Helen Elizabeth. 1872' Livuituith books. 0281117 

No 7 Tauber, Maurice Valcolm. 1908- Technical tcrvicet in bbrariai 02ST191 
No 8 Wilson, Uuit Round The uiuveitity library Z67S U5WS 1956 

No 12 Oanton,J Penam Book selection and collectioiit. Z675 U5D3 


or register entry Anyone who docs not first approach an item through the mam 
entry but who wishes a full desenpDon of the item will be required to pursue a 
cross reference to it Thus the user who seeks an ertumcration ofaU the editions 
of Origin of Species that the Lbrary has will find, under Origin of Species, a 
reference to “Darwin, Giatles Robert, 1809'I882.” In the latter location, he will 
find all the editions of this work It should be pointed out, however, that such 
uses of the catalog are likely to be made by penons already quite familiar with 
the catalog structure, and who are therefore Lkely to look first under the mam 
entry anyway. Such uses of catalogs are, in fact, most often made by hbranans 
for reference and acquisitions 

Expanded Entry 

Persons concerned with the use of catalogs for “information retrieval” have 
long felt that the contents ofatypical library catalog record, although adequate 
for purposes of bibliographic descnption, are inadequate for their purposes 





Figure 17 8 Form and content of catalog entries special situiuons 


1 Author Kir/i multiple entriet fincbidPig subject enirus) 

FIELDING. HENRY 17071754 

An apology for the life of Mrs ShameU Andrews Ed with an introd and 

notes, by Sherman W Baker, Jr Berkeley, University of California Press, 1953 
XXI, 86 p 18 cm Gen CoU PR34S3 A7 1953 

„ . Sutro PR5672B23 

^The history of the adventures of Joseph Andrews and of his fnend Mr 

AbrahamAdamt New York, Modem Library J1950) x 422p 21cm 

, , , PZ3 F46A3125 

Jonathan Wdd, the voyage to Lisbon London. Dent. New York, Dutton 
[1932] 286 p 23 cm E8 No 877 

FIELDING. HENRY, 1707 1754 (SUBJECT) 

Baker. Shendan Warner, 1918- Setting, character, and situation m the plays 
and novels of Henry Fielding Berkeley, 1950 vi. 400 p Thesis (PhD). 
University of California, June. 1950 Bibbography p 386-tOO PN943 F459BI68 
—Byrd, Jane Carroll Fielding a force in the breaking down of the drama into 
•"*"°'®‘-**’“^y°f*hemergingottwotypes 1914 PN3084 B995 

Crou, WUbur Luews, 1862-1948 The history of Henry Fielding, New York. 
RusseU and Rus«U. 1963 lcl94Sl 3 . . Ulus . ports , facsims 23 cm Bibliog- 
nphy y 3.p.289.366 PN943F459C9 1963 

2 Title mem entry 

**f««>»‘"06«Pt“Ml<liteetoiy of professional librarians of the 
United Sutes wd Canada 3d ed Dorothy Elhlyn Cole, editor Prepared under 
fte direcuon of the CouncU on Who*s Who in Ubrary Service for the School of 
New Yoik. Cioher Society, 1955 xxai, 
040 p 26 cm Ref Dept 020 92 W62 1955 

3 Author enelytie 

HEARNSHAW.F J.C 

— Chivalry and Its placemhistoty (/« Piestage, Edgar. 1869- Chivalry) 

. 394 7 P93 

^^CLASSIFICATIOn'^ association DIVISION OF CATALOGING AND 

for author and bile entries 2d ed , edited by Oaia 
Bee tle Chicago, American Library Assocution. 1949 xxi, 265 p 27 cm ‘The 
preliminary American Kcond edition of A L A catalog rules, on Part I of which 
*»» piepaied by American Library Assocution. 
Wog Code Revision Comsniltee " The 1st ed . pubLshed m 1908. has title 
^•"°*^‘«‘'»“‘hor»ndtilleentoie5. Ref. Dept (2 copies) Z695AS21949 

A.l_A catalogingrulesfoi author and Utleentnes 

See also the following 

CaWoging rules of the American Library Astociaaon and the Library of 
Congress. AdiiUoos and changes. 1949-1958 Washington. Ubrary of 
ongress. 1959. 76 p 26 cm. Includes all changes in the A L.A cataloging 
rules for author and title entries and the rules for descriptive cataloging in 

the Ubrary of Congress. Ref. DepL (2 eopui) Z695C32 

A.UA. caulogmg rules for author and mie entries. 

"ortr about /Au ww* 
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Lubctzky. Sc>Riour C*i^(ui( nile« ukl principles, i critique of the A LA 
rules for entry inJ a tlcticn for Ibcir revision PiepueJ for the DoarJ on 
Catsloping Policy ui<t Research of lbs A L A Division of Caulopint anJ 
CUssification Washinttoa, ProceiuniDepl . Library of Congress. 1957 ix, 
65 p 24 cm Uibliouaphlcal footnetes Z695 L87 

5 TliUeJJeJentr}/rt/trtnce to mxvJI ttuh imm entry under iiile 

The family Rosary edition of the Holy Bible SeeunJerDibie Lnplish 1953 DouoL 

llSiSO 1953a 

6 Author added entry/rtlerence to work hiiA main entry under lule 

COLU.MBIA UMVLRSITY SCHOOL 01 LIBRARY SLRVICL 
V^ho'auho in library service See under title tn peen caialog 

Ref Dept 020 92W62 

7 Multiple author entriet Ineludint ' /outt author" entry and entry for the author at editor 
ofvorktof other! 

fULUR. LDMUNO. 1914- 

—~—>-Boal.i«ilhmen behind them. New York. Random House, 1962 240p 21cm 

PS379 178 

The Christian idea of education, papers and discussions by MiiUiam C Pollard 
and others. A seminar at Kent ScIimI New Haven, Yale University Press, 
1957-62 2 V 23 cm Vol 2 has also special titie Schools & scholarship Includes 
bibliographical references. LB7 F8 

Contemporary writers and their books Set under Pimentel, Walter WiUiam, 
1903- FS381J>4 

— Man in modern fiction, some minoiiiy opinions on contempotary American 
writing New York. Random House. 1958 171 p 21cm. PN3425 1-8 

rULLLK. EDMUND. 1914- 
See also the following 

Fielding, Henry, 1707-1754 The hisloiy of the adventures of Joseph Andrews, 
and of his friend Mr Abiahara Adams, a student's edition, with introduction 
and notes by Edmund FuUci New Yock. Putnam, 1958 xxxl, 386 p 
Bibliography, p 377-384 PZ3 F46A32 


There has, therefore, been a great deal of e^ort directed at defining an 
"augmented catalog record” which would provide additional data about the 
subject content of a book, about the physical charactenstjcs of it, and about the 
intellectual context for it. For example. Figure 179 lists some of the data added 
m Project Intiex (the fields not bsted are rou^y counterparts of estabhshed 
cataloging practice) ‘ * 

In another study of the need for additional data in the catalog record, 
Swanson (of Chicago) suggested aitena such as those shown m Figure 17.10 ’ ‘ 

‘ * Project Intrex Semi Annual Acunty Reportt.fUuch 15, and September 15) 1966- 
Swanson, Don R . Requirement! Study /brfhture Catalogs Chicago University of 
Chicago Graduate Library School, 1968 
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31. Format (arrangement of 
information wtihm i 
document) 

Format Code 
(f= directory) 

(r > professional journal) 

(bb * uticle ULe that found 
in a professional journal 
(u <• editorial) 

36 Language of Document 

Language Code 
(e •• Lnglish) 

(f» French) 

(to Russian) 

37. Languuge of Accompanying 
Abtuaci 

Language Code 
(see field 36) 

39 ftepoit Numbed and 

Repoit Number 

Patent Number* 

l^pct Number 


Patent Number 


Patent Country of Origin 


Based -upon Relator Code 
(BR « baud on a report bearing 
the accompany ing number) 

40 Contract Statement 

Contracting Agency Name or 
Contract Monitor Name 


Contract Number 

^1 Supplement Referral 

Type of Supplement Code 
(tt* supplement to) 

(sb * indexed by) 


Nuisviare rv oS 


Rteoij Number of Supplement 
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1 klJ Number anj Name DalaUcmenli 

42 Lirata 

Location of Incoirect Data 

COrrcctcJ Data 

CoiKctoi’f Name 

Citation to I'ublisheJ Lriata 

65 Author'! rutpow 

Authof't ihiipose CoJe 
(1 • Kpotl on otieuial 
research - theoretical) 

(e • tcpotl on oncinal 
lescarch-expenmental) 

(n ■ teview-noncntJcal) 

66 Level of Approach 

Level of Appioach Code 
(1 • professional (lijcludins 
(taduale level) 

(4 ■ underyaduate level) 

67 TiblaofConteni! 

Heading 

Befinnint Pa{e Number 

68 Specul I catures 

Special heatures Statement 

69 DibUofTaphy 

Type of Refeience 
(1 " references) 

(2 ~ nippested readings) 

Location of References 
<e * end of complete text) 

<f ^ footnotes) 

Number of references 

70 Excerpts 

Excerpt! 

Location of the Excerpt 

71 Abstracts 

Abstract 

Abstractor 

Qtation to the Abstract 

72 Reviews 

Review 

RevKwei 

Qtation to the Review 
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Figure 17 9 

fConiumed) 

Field Number and Name 

Data Elements 

73 Subject Indexing 

Subject Term 


Weight 

<1 = term repreienting most of 
doaimtjti content) 

(2 = term representing 
section of document 
content) 

(3 * fetm representing small 
segment of document 
content) 

<4 - term representing 
iDatetials, tools, 
lechniquet not appearing 
in another index lennl 

(0 ■ term generic to document 
content) 

Added Ciution Infonmation 



1 


Added User Feedback Infonaation 

1 85 User Comments 

1 User Comments 



The study tested a number of coimderations about the comparative efiectiveness 
of these “nonstandard” descnptive features Two are shown m Figure 17 10 

1 “Expected Search Length Reduction Factor,” which indicates the extent 
to which knowledge of the feature reduced the time required to search a file 

2 “Memorability Level,” which indicates the extent to which the study 
showed the feature would be remembered correctly 

Maion, of the Institute of Labraiy Research, University of California, 
Berkeley has suggested that data, such as that listed in Figure 17.11, concerning 
the "context” of the document would be relevant to searching and selection ' ’ 

'^Maion, M E.. and R M ShaUiwt.The Studj of ConUX! An Oi'erview Berkeley, 
Cabfomu. Insutulc of Library Rewarcb, Univeisty of Califomu. January 1969. 










Iiguie 17,10 NontUnJitiifcaiutc«tan)LeJ in order Pf 
dccrcauni potenlUl uicfulneu 


Nonstandard 1 ealure 
(1) 

Search Length 
Reduction 
lector 
(Percent) 

(2) 

McmorahiUiy 

Level 

(Percent) 

(3> 

Dale 

37 

13 

Type of uock 

49 

13 

Number of pajes 

43 

19 

Bindbi 

13 

9 

Color 

39 

11 

Level 

37 

17 

lleiphl 

37 

17 

Quotes 

2b 

10 

Condition 

36 

9 

Index 

23 

4 

Vi£uies 

13 

3b 

Tables 

31 

13 

Chapter Ittles 

20 

3 

Graphs 

IS 

7 

rooinoies 

18 

8 

Case Studies 

16 

18 

Translation 

13 

7 

Preface 

14 

3 

Dibliogiaphy 

8 

4 

Single volume 

7 

3 

Reprint or revision 

7 

3 

Dedication 

3 

4 

Glossary 

3 

1 

Problems 

3 

04 

Average 

214 

9 

Figure 17.1 

1 Context lofociaation 



Review (of Che uticle) author, journal, and cCassaTicaVon 
(descnptois) 

Author (of the arliilc) afniulionfa), desteei <rield, level, 
year, mctituCion, sociesiea, and leseatch uiteiests 
Publuation (of the article) ^oiuoi, publisher, editors, and 

Orations (by the article itselO bibliographic, footnotes, 
content, and comment 
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ORGANIZATION OF CATALOGS AND INDEXES 

The rules for sequencing oi ordenng the entiies in the catalog or index are 
greatly affected by its intended pnmary function 

The computer, when it is given a set of rules to follow, is a very fast and very 
accurate tool for the filing of data It will execute the rules given it with a speed 
and an accuracy that human filets cannot be^n to match But the translation of 
library filing niks into a set of rules that the computer can apply is not a simple 
task 

Theie appear to he foui mapr ways to approach a solution to the filing rules 
problem, ^ch represents an extreme and probably none of them would be 
acceptable by itself. These are: 

1 . Retain a system in which filing is essentially done by people Such a 
system would involve the assignment of a sorting code to each entry heading to 
be used in the catalog. In such a system, a person would determine the desired 
sequence of entries, and would then assign the sorting code to each entry The 
computer would then file these entries by number, rather than filing by the 
headings themselves 

2 . Have the computer file entries exactly as they occur by usmg simple 
“alpha numeric" sorting, with very UtUe machine appUcation of what are called 
“conversion rules ” 

3. Systematically change the format of headings so that the text itself, 
when fded by the machine in accordance with simple sorting rules, would 
achieve the sequence desired Thus, if we wanted to file historic subdivisions 
chronologically, we would systemaucally rewrite these subdivisions in forms 
such as “U S -Hist -1861-1865 (Civd War) ’* 

4 Program library filing rules, or modifications of them, and have the 
computer file on the text as it stands. 

Each of these methods has its attiactions and its drawbacks, of course The 
strai^tforward alpha numeric sotting of the text as it stands would be the most 
econoimcal solution, but it would probably not constitute a solution acceptable 
to the library. On the other hand, the process of systematically revising 
headings is probably the most expensive, although it would probably result in a 
filing system that is more intelligible to the user than any other, since the 
relauonships between the filing order and the sequence of entries on the printed 
page would be readily apparent. The essentially manual system of fiUng by the 
assignment of sort codes is a very expensive method Finally, it is by no means 
certain that library filing pules can be pro^ammed. All the methods open, then, 
would seem to present either unacceptable results, difficulties of achieve- 
ment, or uneconomic operation 


OrKMiuilion of CaUIog* anj Indexes b\ 1 

For these reasons, it is likely that a solution mil nol employ exclusively any 
of the four techniques mentioned above, but will require the use of all of them 
to some degree Tliat is.cctlain types of headings will be identified uhich will be 
Tiled as desired if the computer uses a very simple set of conversion rules. Other 
types of entries wdl require special tiandling by a combination of the following 
techniques 

1 Some categories of headings wiO be systematically revised so that the 
form in which they are input will result m the desired filing sequence. A 
computer edit can provide assistance in converting such headings 

2 A 'Tile as" device can be employed for more unusual categories. (This is 
a device by which the editor indicates the text-different from the actual 
text-upon which the computer u to file. For example, the editor could indicate 
that the title "34 ans de lutte" is to be filed as thougli it were “trente quatre 
ans de lutte ") Associated with this technique should be a monitoring system, 
which will help to identify ihe most frequently recurring categories of fUing 
problems which require this kind of solution. The information thus gamed could 
be used to decide wliat additional computer zoaUntt may be needed. 

Let us now exanune the four basic alternatives m detail. 

Library Filing Rules 

The standard ALA or LC fding nilcs are similar in character, and various 
"simplincations" of these rules have been adopted by many libraries Recently, 
the Anglo-American Filing Code Revision has tried to introduce greater 
rationality in these rules.' * 

They are all designed to give the catalog a structural pattern that would reveal 
more meaningfully the contents of the bbiaiy and guide the catalog user more 
helpfully to the appropiiate sources. The need for rules arose from the fact that 
the catalog is not only a list of individual enliies that might be arranged in one 
alphabetical order, but can be an organized record bringing together groups and 
subgroups of related entries There was, in addition, the fact that some words 
(articles, for example) are not useful in Tiling and other words are vanously 
spelled or repre.sented m difTerent Toims (Tor instance, as words, abbreviatjons, 
symbols. Arabic numbers, or Roman numbers) The various library filing rules 
are thus designed to provide arrangements which facilitate the location of an 
entry that could appear in different forms and display related entnes together. 
Unfortunately, the underlying pattern of anangement of the entnes may not be 
readily apparent to many of the Lfaraiy’s stafT and users. Those unfamiliar with 

^‘^Anglo-American Cataloging Rulei, North Amencan Text Chicago American Library 
Assoaalion, 1967 
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the system, therefore, often find it uimecessanly complicated and demand a 
“simple alphabetical” order, unaware of the fact that what may be a 
simplificauon to one person, in search of a specific citation, may be perplexing 
to another 


Filing Codes 

Several early systems for mechanized production of book catalogs-the 
sequential camera systems used by LA County'* and for example- 

depended on the assignment by a cataloger of numerical “filing codes ” These 
are designed to sequence catalog entries in filing order if the computer simply 
sorts them into numencal order on the filuig code 

Generally, this approach has been abandoned as bemg unsatisfactory 
whenever it has been used on a catalog production task of any real size There 
are a number of reasons. (1) Files of already assigned sorting codes must be 
maintained, so that when the cataloger considers the addition of a new entry he 
can assign a number m proper sequence with those already assigned, the costs of 
maintaining such files-fot authors, titles, and subjects-are great enough to 
make such an appioach uneoononuc. (2) The time requited for the cataloger to 

FijuN 17.12 Luiuu on addiuons to film; codes 


A'oem Normally, vvhen an entry is to be filed between two exutin; entries, it 
II given a filing code approximately halfway between Consider the 
effects of Um rule under the following severi'dipt code system Iwhich 
appears lo allow up to one bundled inseitions between entries) 


Sterling Enirtet 

The History of America 1234500 

Hisioiy of Europe 1234600 

Enirut m Order of Receipt (with assocuted codes as they would be assigned) 
Addition Entry Code 

1 The History of Asia 1234350 

2 History of Amencan Life 1234525 

3 Hmory of American Foteign Policy 1234512 

4 History of Amencan Industry 1234518 

5 llutoiy of Amencan Idealism 1234515 

6 History of Amencan Ideals 1234517 

7 Ibstory of Amencan Ideas (V) 


'* Mac Quatne,Catlietme, and BeeylL. Martin, “Boot Catalog of the lA County Public 
Library. How It Is Being made," Library Resounei end Technical Services, A {3} (Summei 
1960). pp. 208 227 

*®The Nauonal Library of Medicine Ii^x Mechanization Project," Bulletin of the 
MeJicel Library Atsocielion, 49 (No 1, Part 2), January 1961 
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determine the proper filing positions, to took them up in the files of filing codes, 
and to assign them to entries is also expensive ertough, in itself, to make such 
approach uneconomic (3) Any system of filing codes svill provide facility for 
Umiled insertion of new entries among okl ones, typically a code might be 7 
decimal digits and would appear to allow the insertion of 100 entries between 
any two entries in a fde of 100^000 Unfortunately, however, in such a case, (he 
insertion of even 7 successive new entries could destroy the codc~as Figure 
J712iUuslr3tcs.” 


Alpha Numeric Sorting 

The most economical and straightforward solution to the flling problem is 
simply to disregard it almost entirely and program the computer to Ale by 
simple alpha numenc sorting of the text exactly as it appears. Such a method was 
proposed by limes, and the description of the arrangement method given by him 
shows the basic ordering concept 

Filing IS front (eft to nght, with the single exception of numerals as noted 
below, in the following order 

1 By entry unit An entry uiut is a single complete index, bibliographic, 
or catalog entry, with the exception of those elements dehberately 
excluded by designating a section or sections of the entry as 
non-fding elements This exclusion may be achieved by use of a 
speaal symbol It should be noted that page or other references to 
location in index entries would usually be included as part of the 
entry unit to be filed on. suice they are arranging elements 

2 By field or filing unit within entry unit. The fields in the usual catalog 
entry would be filing element if other than author (subject heading, 
added entry, title, added or vanani title, etc ), author (except in 
added entries), and title statement and impnnt Fields may be 
separated by any convenient device Where one form of (he entry unit 
IS to be used as input for multiple entnes under different fields, fields 
would usually be designated as to type by their order, but other 
means may be used if desired. 

3 By sub-field or sub-filing uml within field or filing unit A sub-field is 
defined as being separated from other sub-fields by two spaces in the 
procedures presented by this code 

4 By word within field or mb-fleld In the procedures presented by the 
code, a word is defined as an element set aside from other words in 
the field by a single space. 


’’ Ranganathan, S R , Prolegomena to Library Cbtaficalion Madras 1937 
^ ^ times, Theodore c . and Jessica L Haiat, Computer Filing of Index, Bibhographic, 
and Catalog Entnes NewYork Columbia Uiuvetaty,SchooJofLibraiy Service, 1965 
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5 By the following order of torts 

(a) Blank (v e., space) 

(b) The order of the English alphabet, A-Z A capital letter is 
considered to be identical to the same lower-case letter, the 
same letter from a different font, etc Modified letters (a, u,^, 
etc) are to be considered identical to their unmodified 
equivalents In the case of umlauts, cross-references should be 
made from the form wntten with an e {from Mueller to Muller, 
for example) when the umlaut occurs m the first syllable of a fielc^ 

(c) The order of the Arabic numerals Note that numbers are to be 
considered as numbers, not as isolated numerals (Eg, 19 
comes before 19S, and 19 5 precedes 20, etc) The computer 
must fUe outward from the decimal point It must distinguish 
the end of number sequences In program composition, care 
should be taken with the hyphen m inclusive dates, and with 
deamal pomts, fractions, and other mathematical symbols used 
as part of number sequences when these appear ui t^ entry 

(d) Signs, symbols, punctuation, and letters not given as part of the 
sort sequence are otherwise to be disregarded It should be 
emphasaed that they are (o be disregarded completely, not 
treated as if their removal created a space which was to be 
considered ui the order of sorts If it is desirable that a sign be 
filed by (an ampersand in a title, for example), it must be 
wntten out as a word or words m the entry. 

With such a method, the result will be a filing order to some extent unlike what 
we now know Abbreviations would be filed exactly as spelled, numbers would 
file as numbers, never as if spelled out, and they would often not file in what we 
regard as correct numerical order, articles would be filed as part of the text, 
titles of honor that occur between last names and fint names would be regarded 
as filing elements, Roman numerals would be filed alphabetically rather than 
numencally, different spellmgs of the same word (for example color and colour) 
would be filed m different places, histone subdivisions would sometimes file 
chronologjcally and sometimes alphabetically; the surname Pans and the city 
name Pans would probably interfile in most cases. The list of such departures 
from standard practice which would result from straightforward, uncomplicated 
filing by the computer is very long However, the frequency of occurrence of 
these exceptions from purely alj^-numencal sorting may not be very great 
Expenments with a fauly typical catalog show that alpha numenc sorting would 
misfile less than 2 percent of the entnes, furthermoie, several of these imsfilings 
could even be eliminated by relatively simple additions to the filing program (for 
example, the detection and elunination of imtial articles).** If the resulting 

** Unpublished daU from a study »t the Washington Stale Library of the TimbetUnd 
Library DcmonsUation Project Catalog 
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extent of departure from AL/\ filins ruks were acceptable, pure alpha numeric 
sorting Hould be an ideal, economic answer Unfortunately, for most large 
libraries, even so limited a departure JS not reprJed as acceptable, and other 
approaches must be considered. 

Sort Fields 

Another alternative is to include m the catalog entry record an additional 
“sort field” m eases where the text would not produce the proper filing 
sequence under pure alpha numeric sotting Figure 17.13 shows some examples. 


) isuie 17.15 Uw of soil IkIJs 


Lnuy 

Sort As 

365 Party Ideas 

Three Ituodied and Slaty i ne 


Parly ideas 

The lliitory of Aus 

Hislosy of Alia 

MeOonalJ, James 

MacDonald, Jamea 

Louis XVI, King of |-tane« 

Louis, Kbg of Fiance 16 


Programmed Rules 

Programming of a set of library fibng rules, such as those of the ALA. is best 
seen as a two-step process involving the appbcsijon of what we may call 
“conversion rules" and "sort rules”** For example. ALA Rule 13(b) requires 
that names beginning M, Mac, and Me be filed together as if spelled “Mac ” 
Therefore, when a name such as “McDonald” is encountered, it must first be 
translated into the word “Mac Donald ” Then one u able to apply the basic 
alpha-numeric filing rule— the order of the English alphabet. The difficulty Ues, 
of couise, ui the formidable task ofcreating the conversion rules ***** There are 
two major reasons for this 

1 In converting natural text to a text that can be used for sorting, the 
human filer mahes use of much infomution that is either only impbcit in the 
data presented, or cannot be denvedfrom the data at all. For example, it is only 
implicit in the word “McDonald" that it is, in fact, a name— a condition required 

Caitwnght, KcUey, and R M ShoITnei.op at 

Culbeitson. Don S , Louis A Scbullheis, et ai .An imtstigaiion into the Application 
of Data Procetting to Library Filing hula Chicago Vlnjveisily of Chicago, December 5 
1962 

Peneault, Jean M , “The Cocnpirler and Catalog Fling Rulet," Library Resources and 
Technical Services 9 (3) (Summer 1965). 32S-33I 
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if the rule for names is to be appLed As another example, consider the subject 
heading “U S -Hist -Owl War ” Filing rules might require that we file this 
entry chronologically, rather than aljdiabetically, we therefore need to know 
that the Civil War occurred after the Revrdutionary War 

2 The order of elements in a heading does not always correspond to the 
order in wJuch we file them For example, ALA rules require us to file the 
heading “Louis XVI, King of France” as if it were “Louis, King of France, 
XVI” 


Machine Filing Standards 

In the long run, we shall need a national code of rules for filing catalog entries 
by computer The possibUities of achieving national standardization will be 
greater than have heretofore existed Fust, the advent of nationally distributed 
catalog copy m machine-readable form will make standardization m cataloging 
even more attractive than it has been in the past, and the costs of applying 
nonstandard methods will be much greater than they have been in the past 
Second, there is a very close relationslup between the form of heading adopted 
and the filing rules that will apply to it Therefore, tha national agency that 
adopts a new set of filing rules should be in a position to influence cataloging 
rules as they apply to the form of heading it uses Finally. >t may develop that 
the amount of care that must be expended m creating headings will be far 
greater than is now employed The process of creating these headings and of 
converting them to machme-readable form, therefore, be considerably mote 
expensive than if such caie were not requued- 


FORM OF THE CATALOG OR INDEX 

Catalogs and indexes can be produced m a vanety of forms— card form, book 
form, microform, or magnetic tape form. The choice among them is determined 
partly by the function the catalog or index is to serve and partly by the relative 
difficulties m producing and maintaining each of them. It is important to bear m 
mind the major differences among them 

1. Catalog cards are separate physical entities; book catalog entries are 
always part of a large physical entity, the pnnted page, microforms may be 
either. This fact has numerous implications for catalog design For example, it is 
usually readily apparent in a card catalog when one entry ends and another 
begins, since the new entry will almost always begin on a new card and a new 
card IS almost always a new entry. In a book catalog, on the other hand, it is 
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importint that the byout of the page and of the individual entries make it 
apparent to the user where one entry be^s and another ends, so that they can 
easily be scanned, rather than exaiiuned one at a time by the reader. This fact 
has implications for arrangement and for tiling sequence Yet another implica- 
tion of the basic physical (LfTcrencesuthat the control of individual entries will 
dilTer. One of the reasons for typing the appbcable heading on every catalog card 
or microfiche is that if the card is out of sequence, it can easJy be restored to its 
proper place in the file This conuderation does not apply to book catalog 
entiles or to continuous microforms. 

2 The content and organizatio.i of book, card, and microform catalogs 
may be quite different Tlie amount of informalion on a catalog card is not 
directly related to the cost of maintauunglhat caidin a file This is not the case 
with book catalog entries or rmciofoims. The question of the format of entry, 
the content of the entry, and its layout on the page, arc therefore very 
important considerations for the btter two. 

3 The production and maintenince of each form of catalog involves quite 
different problems Card cablogs can. in prinaple, be up-dated and maintained 
more rapidly and less expensively than the other forms, because the intetfiling of 
new entries docs not require rewriting the entire catalog Book form and 
microform catalogs therefore usually tequue supplements. On the other hand, 
multiple copies of book form and metofonn catalogs are economical to produce 
and can therefore be made available at widely ilistributed points 

4 For the same information content, the physical size of a book catalog is 
considerably smaller than (hat of a card catalog Even the largest book catalogs 
we have (those of the Library of Congress and the Bnlish Museum) do not 
require the amount of space that a card catalog of even a moderate sized library 
requires One implication is that when a user of a book catalog is referred from 
one point m the catalog to another by a cross reference, he need not travel the 
length of a large room; instead, he can teach for another volume near the one he 
has The converse of this, of course, is that because one volume of a book 
catalog replaces many drawers of a card catalog, the likelihood that a person 
seeking a certain part of the alphabet will find the applicable volume in use is 
much higher than the Lkelihood that he will find the desired drawer of a card 
catalog m use For this reason it will no doubt prove desirable to provide several 
copies of the catalog in vonous parts of the library for the patron’s use. 


Card Form Catalogs and Indexes 

The preparation of catalog cards is a function that the computer can perform 
very efficiently, once the catalog data is available in machine readable 
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form.* ’■* ® The processing results in the generation of library catalog cards on 
catalog card stock (Figure 17 14) For each title a number of separate cards are 
produced, to provide for multiple entry pomts and for catalogs at multiple 
hbranes In addition, the catalog cards can be output m a “prefiled" order, thus 
reducing manual filing time, even by as much as 60 percent 

Book Form Catalogs and Indexes 

The printed book form catalog reached the height of its popularity m the last 
half of the nineteenth century.*’ The advantages of a prmted book catalog were 
numerous and obvious it i$ portable, compact, and can be distributed to remote 
locations, a number of entries can be seen at once, makmg comparisons 
easy,*®'* * 

On the other hand, the prmted book catalog had serious defects that finally 
led to its abandonment It was enormously expensive to typeset, proofread, 
conect, print, and bind. Since it could never be up to date because of the time 
needed to produce the work, supplements of one kind or another were requued, 
and it was always necessaiy to search more than one record to be certam of 
completeness (Medical librarians who have spent years searching the pages of 
the Index-Catalogue of the Library of the Surgeon General’s Office understand 
this problem well ) Because prmted catalogs were so costly, condensed lists, 
fmdmg guides, and catalogs lirmted by time span, by subject matter, or by form 
of publication were introduced until, finally, the problems of the cyclically 
published, costly, always retrospective book catalog led to the acceptance of the 
card catalog 

Recently, however, problems of hbranes, resulting from the uicreesed volume 
of publication and the widened mterest m woild hterature on the part of 
scholarly communities, have again made the book form catalog important and 
even necessary. The need to solve the problems is urgent, as library systems 
expand rapidly and as collections inaeasingly are counted m hundreds of 
thousands or millions of volumes Just as size, economics, and demands for 
better service ate forcing hbranes into branch systems, these issues are also 


Fry. George, and auocutes. Catalog Card Reproduction Chicago Library Tech- 
nology Project, American Library AssocuUon, 1964 

** Treya. Joseph H, “Equipment and Uetbods in Catalog Card Reproduction."£i*^aO’ 
Resources and Technical Services. 8 (3) (Summer 1964) 267-278 

Shcra. Jesse H , "The Book Catalog and the Scholar A Reexamination of an Old 

fastnesstixp," Library Resources and Technicat Services. HSummet 1962) pp 210-216 

Kingery, Robert E., and Maurice F. Tauber, Book Catalogs. New York Scarecrow. 


* ‘ Parker, Ralph, et al , “The Book Catalog" (ai a 
' , end Tech/iicet Servicer. 8 (4) (FaU 1964), 349 398 


senea of articles), Library Resources 
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Figure 17.14 Compulei pnntcd catalog caidi 


foicing library catalogs into various combinations of card and book form listings 
and away from the ideal of a single master file.’*'** The reasons are clear. 

1 The need to have catalog! at affiliated hbranes. The growth of the 


^ Hemntz. Fred, "Book veisui Card Catalog Costs," Library Resources and Technical 
Services, 7 (3) (Summer 1963), 229-236 

^ MacDonald, M. Ruth, "Book Catalogs and Card Catalogs," Library Resources and 
Technical Services. 6 (3) (Summer 1962), 217 222 

Pizet, liwin 11 , "Book Catalogs versus Cud Catalogs," BuUelin of the Medical 
Library Association, 53 (Aprd 1965), 225-238 

** Richmond, Phyllis A , "Book Catalogs as Supplements to Card Catalogs,” Library 
Resources and recftnjca/5emc«. 8 (4) (Tall 1964), 359 365 
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“multi-versity,” as well as public and county library systems, has led to the 
provision of duplicate catalogs, and Uie production of duplicate catalogs is most 
feasible m book form.^" 

2. The size and complexity of any sut^e library catalog itself The larger 
libianes are literally outgrowing theit space for card files, and catalogs are 
getting too large to be used easily and meaningfully This has led bbranes to turn 
toward the book form to ease the physical pressure— and the book form of 
catalog seems particularly suited to materials selected for secondary access or 
auxiliary collections 

3 77ie hea\,y {umoier of book Mkt Hirhin one caUecOon With the large 
effort required to interfile new cards and withdraw older records, libraries 
dealing largely with cunent publications have been prompted to turn to the 
mechanically-produced catalog, and again the book form is most convement for 
automated output 

4 , The need far consolidated catalogs of holdings, even for a single library 
Since intetduciplmary growth complicates the formerly rather clear division 
among major departmental Lbianes, union lists of currently received journals 
and joint catalogs of science holdings are increasingly useful when there is a 
dispersion of lesources-and these Lsts and catalogs are most practicable in book 
form^’ 

Microform Catalogs and Indexes 

Another answer to these same problems is in the use of microforms There ate 
significant hurdles in the degree to which microforms have found acceptance by 
the users of hbranes However, the econormc advantages they have for catalog 
production, dutnbution, and storage are so great that they are becoming 
mcreasingly prevalent. For example. Qieimcal Abstracts Service has begun 
distribution of Oiemical Abstracts on microfilm ** Commercial catalogs and 
indexes (like those of Information Handhng Services, InC ** and Sears Roebuck) 
have been distributed in this form for many yean Several large industrial special 
libraries have produced their bbiaiy catalogs on microfilm * 

Cclkr, William Spence. "Duplicate Catalogsm Regional an<l Public Library Systems.’' 
Library Quarterly 34(January 1964).S7-67 

BlacLbum. Robert it . ' On PioduciKS Catalogues in BooL Form for Five Libraries at 
Once”.! Collection of Pepen by Cenadun Ltbemant, June 1965. pp. 20-22 

Otemifol Abttracll On i)icrofibHs A Service of Chemical Abstracts Services, 
Columbus, Ohio 

** ySSlf, A Senice of Information HaiuttinsSennces. Inc , Denver. Colorado 
^^koauropbk, W A, anJ S T Lange, 'Computer Produced Microfilm Library 
CtUlof". American Documentcrion, I8(2)(Ap»l 1967), 67 80. 

** Uatsumiyi. IL. anj M btooaifklJ "A WorLuig Microfilm Card Catalog." Special 
Zitvonef.SS (March 1964). 157-159 
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Magnetic Ta|>e Catalogs and Indexes 

In Chapter 19, we shall discuss the sanely of catalogs and indexes that are 
becoming available in magnetic tape form As data bases from which pnnted 
forms can be produced and from which information services can be provided, 
such catalogs and indexes are cerfaiii to become an esscniial part of library 
services * ’ 


TYPOGRAPHIC QUALITY 

The quality of the typography and the number of fonts required for use in 
the production of a catalog or index have an effect on both the quality and the 
cost In general the greater the typographical quality, the more expensive 
the production process Admittedly, the better the typography the higher the 
density of recording that can be provided, thereby potentially reducing the total 
number of page masteis required in a book catalog However, the effect is 
probably not great enough to overcome the higher costs involved in producing 
the page masters The major jusiifieation for the higlier quality typography, 
therefore, must be greater user satisfaction or caster utilization 

Figures 17 15 to 17.17 and Figure 173 provide, in order of quality, sample 
pages of book catalogs produced by various metliods^frocn computer printer 
output to photocomposition 

Upper-Case Compulei Pnnt-Out 

Figure 17.15 shows a typical ’hipper-caseonly” computer printer output The 
first thing likely to be noticed by the user of a catalog with this typography is 
the lack of variety all of tlie letters ate capitals; there is no difference in 
lightness or darkness of the letters, the letters are not spaced proportionally, and 
so on As long as the entnes under any one author are few in number the 
sameness of the print seems to pose little problem, but anyone attempting to 
find his way about the section of the author catalog beginning with "U S ” will 
almost certainly quickly give up with aching eyes One can try to attain variety 
by means of spacing and indentions but it is obvious that more differentiation is 


Kogeis, I rank 0, ‘ Relalloo of Library Catalogs to Abstracting and Indexing 
Services,” Library Quarterly, 34 (January 1964), 106 112 

Cornos, D Y , and P C Rose, Legibibly of Alphanumeric Characleri and Other 
Symbols, National Bureau of Standards, Pebniary 10, 1967 

Sparks, David E . et at , ‘ Output Pruituig for Library Mechanization,” in Barbara E 
Maikuson (cd ), Libraries and Automation, Washington, D C Library of Congress, 1964, 
pp 135 200 
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1-igute 17.15 Upper-case book catalog page 


desirable if not absolutely necessary On the other hand, it should also be pointed 
out that upper case pnnung « highly econonuc, and futhermore the product of 
such a printing process can be quite attractnre, as Figure 1 7.1 6 shows. 

Bven if a Lbrary should decide to use a straight upper case pnnt chain, we 
would strongly advise that the catalog daU be coded at the tune of input for 
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upper anJ lower case Programs cati be wnlleit easily so that material codeJ for 
upper ami lower case printing would be printed m upper ease only, but it would 
be very difllcull to wnte a program to iranslate material coded only for upper 
case uito information that would yttld a satisfacloiy upper and lower case 
output 

Upper-Case, Lower-Case Computer Printout 

Computer printers are available with upper and lower case letters and the 
punctuation symbols necessary to the ptoducuon of (his catalog (Figure 17.17 
gives an example of this typography). In general, they are slower in operation 
than upper-case only and are more expenutt 

Multiple Fonts 

As Figure 17 ] clearly demonsitates. the catalogs of large research bbranes 
re<iuite a variety of characters far greater than computer pnniers can provide 
Chinese, Cyrillic, Greek, Hebrew, Hindi, Japanese-ihe symbols of the non- 
Roman alphabets are beyond count tven Roman alphabets pose problems in 
the use of diaeriticals, as shown in Figure 17 18. 

Fortunately, w ithm the past ten years. ci)uipment has become available that 
can produce a large variety of type fonts and special charaeters Figure 1 1 26 
lists some ptesendy marketed deviocs As it shows, the price even for the 
cheapest of these devices is high However, semcc buicaus are making them 
available and they are remarkably efficKnt printing devices. Figure 17.2 shows 
an example of an index page (from ItuJcx Atedicui) produced by means of such 
computer controlled photocomposition equipment. 


FORMAT 

The format of entries and their pbeement on the printed page are very 
important factors in determining the ease with which the catalog can be used, its 
readability, and the costs of producing it Ihe reduction ratio in size of 
characters, the number of columns to a page, the placement of column headings, 
the size of margins, the indentation of Imes-all have their effect on the 
appearance of the page Figure 17 19 provides a list of some typical formal 
specifications * * 


** West, William, and John Well, Semple Soo^ /m/tx Formalt, SUte University of New 
Vork at Buffalo, July 1968 
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(1951) 211 p. ENJOYMENT OF PHAM. 

PN MARX. Nllten. 



172t turlpld* 


5 
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Figure 17.17 Uppeicav^meri 



Figure 17.18 Diaaittcalnutb and special characters 


Part K- Diacnlical Marks 


Ducntical 

Name j Use | 

Languages 


Acute 

cirnklbp 

Afrikaans. Albanian, Assamese, Bengali. 
Catabn, Croatian. Czech, Dutch. Fiench, 
jujarati, Hauauan, Hindi, Hunganan. 
celandu;. Kannada, Malayalaiii. Marathi, 
Onya. Polish, Portugese. PiaUit 

Saiuknt, Serbian. Slovak. Slovene. 

Spanish, Tagalog, Tamil. Tetegu, 

Vieinafnese. Wendic 


Grave 


Catalan, Dutch, French, Uahan. 

^othi^se, Vietnamese 


UmUui or 
diereris 

leidQ 

Albanian. Catalan. Chinese. Dutch, 

Estonian, Fmnith, French, German. 
Hunganan, Icelandic. Lithuanian, 

Norwegian, Russian. Spanish. Swedish, 
l^iikish. Ukrainian 



■ 

. il aJ . Ji . M 


Circumflex 

i£!Su 

Albanian, Chinese, Dutch, French, 

Gujarati, Hindi. Muathi, Portugese, 
Rutnanian, Slovene, Tetegu, Tutkith, 
VKtnamese 


Macron 

ssTssr 

Anglo-Saxon. Arabic. Armenun. Assamese, 
Bengali, Burmese, Creek (Modem), 

Cujaiati. Hindi, Japanese, Kannada, 

Korean, Latvian, Lithuanun. Malayatam, 
Marathi, Onya, Persian. Prakrit, 

Punjabi, Pushto, Russian, Sanskrit, 

Tamil, Telugu, Thai. Urdu 


Cucle 

*“ 

Czech. Danish, Finnish, Lithuanian, 
Norwegian, Slovak, Swedish 


Superior 

dot 

1 Cedilla 

ensuyz 

ft 

Assamese, Bengali, Cujurati. Hebrew, 

Hindi, Kannada, Lithuanian, Malayalam. 
Marathi. Onya, Polish, Prakrit. 

Punjabi, Pushto, Russian, Sanskrit, 

Tamil, Telugu, White Russian 



til 

Albanian, Catalan, French, Latiun. 
Portugese. Turkish 
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Figura 17*18 fContinueJJ 


DucnticAl 


1 Um 

Len^ter 


Left hook 


Rumanlin. Litviin 




An(lo-Sz<[on, Lithuenun, Potuh 



9 

Tbil 


Ihcek 

2iA&r{ 

lll^u 

AnnenUn, Ooaiian, Ctech, Latvian, 
Liibuanun, Scibun, Slovak, Slovene. 
ThaLWendic 



■ 

Atumew, Beci{ah, Estonian, Cujarill, 

Hindi, Kannada. MaUyalam, Manthi, 

Ofiya, Poilustse, Prakrit, Punjabi, 

Sanskrit. Spanish. Tamil, Telugu, 

Vietnamete 



■ 

llunearian 




Bulfanan, Russian, Ukrainian, 

While Russian 



m 

Hindi, Kannada, Peishian, Pushto, 

Urdu 


Dot below 
letter 

' a sde h ■ 
klm nor 

s 1 z 

Arabic, Assamese, Bengali, Burmese, 

Gujarati, Hebrew, Hindi, Kannada, 
MaUyalam, Marati, Oriya, Petsun, 

Prakrit. Sanskrit, Tamil, Telugu, Urdu, 
Vietnamese 


H|' 

■ 

Assamese, Bengali, Gujuiati. Hindi, 

Kannada, MalayaUm, Marathi, Oriya, 

Praknt, Sanskrit. Telugu 

” 


m 

Assamese, Bengali, Bulgarian, Hindi, 

Onya, Praknt, Sanskrit, Telugu 
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Figure 17.18 (Continued) 


Diacntical 

Name 

Use 

languages 


High 

comma 

8 

Latvsan 


High 

comma (off- 

f I'd* 

g-k 

C^ech, Macedonian. Slovak, Wendic 


upadhman- 

rya 

b 

1 

SansLnt 

- 

Underscore | 

iS£ 

Assemese, Bengali, Hindi, Kannada. 
Malayalam, Persian. Punjabi. Pushto, 
Sanskrit, Prakrit, Tamil, Telugu, Urdu 

■ 

Double 

underscore 

l!i 

Hindi 

■Hi 

j Double 
(ilde 

■1 

TagHog 

B 

Pseudo 

question 

\ 

Vietnamese 

PutB Speaal Outacteo 

Oiatactet 
(Lower Case) 

(!hatacter 
(Upper Case) 

Name 

Languages 

¥ 

0 


Danish. Norwegian 

i 

t 


Lithuanian. Polish, Wendic 




Bulganaji, Russian. Ukrauiian, 

White Russian 

' 



Russaa 



abf 

Arabic, Assamese, Sengab, Gujarati. 
Hebrew. Hindi. Japanese, Mala>alam. 
Marathi, Oriya.Persun.PTakrit, , 

Turkish, Urdu 



Hi 

Aiabic, Armenian, Chinese, Hebrew, 
Korean, Persian. Pushto, Thar, Urdu 


X. 


Anglo-Saaon, Danish, Icelandic. 
Nocwepan.Thai 

« 

-U'-S 1 

Anglo-Saxon, Icelandic. Thar 
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ri£utc 17*18 (CoannutJJ 


Character 
(Lower Case) 

Chancier 
(Upiscf Case) 


Lanfuapei 

2 



Indonesian 

a 

0 1 


Cfoalian. Serbian. Vietnamese 

s 

U 1 

1 CIb 

Anflo-Saxon. IcelanJic 

e 

p 1 


AnpIoSaxon, hclatidic 

‘ 

1 


TulUkh 

u- 

O' 


Thai. Viclnaincse 

a 

0 


Vietnamese 



Dot (A 
ceoter 
of line 

Calatan 


f»sutc 17.19 SpMincttMiM of form»l> 


Pigutt 

Number 

Number of 
Columns 

Original 

Sue(lnchet) 

ChatacUt 

ReducuoA 

(Petceni) 

Column 
Width m 
Characiert 

Intenot 
)dargm in 
Characters 

Height 
in Lines 

17 20 

1 

8Mx 11 

0 

60 

None 

S6 

1721 

1 

8)4x 14 

20 

83 

None 

73 

17 22 

2 

8»x 11 

0 

30 

5 

36 

17 28 

2 

8Vlx 14 

20 

39 

4 

75 

17 24 

3 

11 X 14 

35 

32 

4 

82 


ACQUISITION OF DATA BASES 

In order even to consider the use of coniputen for the production of catalogs 
and indexes, the data from vthichentnes would be produced must be available in 
machine readable form. In every respect, this represents the most fonrudable 
hurdle to the use of computers in libranes 

Fust, the size of catalogs and indexes makes then conversion mto machine 
readable form a truly immense task Hie catalog of even a moderate sized library 
will contain between 10* and 10* diaracters, that of a typical research bbrary, 
between 10* and 10'° characten, that of the Library of Congress, between 
10'° and 10" characters Any reasonable estimate just of key-boarding catalog 
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data (not even counting the costs of editing for input) implies a cost of at least 
30c to 40c per title Second, the complexity of format for catalog data is so 
great that a high level of editing u required just to provide a record suitable for 
key-boarding. Third, the data in catalog records fiequently requues the use of a 
very laige character set, sometimes even in non-Roman alphabets Aside from 
the problems we have discussed with respect to output, this Implies comparable 
problems at mput.* * ’ 


MARC II Tapes 

Probably the most important single step in the solution of this problem is the 
program of the Library of Congress for distribution of catalog data in magnetic 
tape form^* From these tapes, any bbiary in the world can economically 
acquire machine-readable catalog data, just as it has been able to acquire catalog 
cards 

With the Lbrary of Congress now beginning to distribute its cataloging data 
m magnetic tape form, the content and format of MARC II tapes becomes 
especially important.^ ’ 

The basic machine-readable catalog record on a MARC tape, as summarized in 
Figure 9 14, consists of five different sections the Leader, the Record 
Directoiy, the Variable Control Number, the Variable Fixed Fields, and the 
Variable Fields 

The Leader is a set of fields desenbing the general structure of the individual 
entry It consists of the following fields 

1 Record Length This five-character field contains the logical record 
length. A logical record is the basic unit of infotmalion in a processing system It 
contains all fields necessary to desenbe an ileni The maximum logical record 
length is 99,999 characters since (his is (he largest number that can be expressed 
by five digits This is longer than the average record, however, and was included 
to allow for records containing abstracts 


** Buckland, Lawrence T , The Rccordingcf Library of Conffeii Bibliographical Data in 
Nachmt Form, Intoionici, February 196S 

* ’ BuckUnd. Lawrence F , Problems of Jfeconbnf Text /n/ormancm in Machine Form 
for Vsetn a Scientific InfonrutionCommumcation Network, Inforonics, May 24. 1966. 

Aviam, Hennetle D .and Batbata EvaAtMaikuson, “Library Automation and Project 
MARC. An experiment in the Dulnbution of Machme Readable Cataloging Data," in John 
Hamion and Peter LaUett (ed*.). The Bratenote Conference on the Automation of 
libmnei London Mansell, 1967, pp97-I36 

** Avtam. ilennclle, el al. The MARC It Fornal Washinglon, DC. Library of 
Confess. January 1968 
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2 Rixonj Status. Tlus one-diaiacter field it used to indicate the following. 

N Record is net/ Ihis week 
L Record wot new lost week 
R Record it tevued (hit week 
0 Record is at least two weeks old 

3 Legend Control If this onc-character field contains a $ there is no 
extension of the legend information If it contains a number, it indicates that 
additional information can be found in one of the variable fields 

4 T}peofRecord. This Is a one character field which indicates what type of 
rrutetial is being cataloged in this record, for example, printed language 
materials, language materials m manuscript form, motion pictures and filmstrips, 
and the like 

5 Bibliographical La cl This three character field describes the hierarchical 
bibliographic level of the work being cataloged; that is, its relationship to any 
other work of which it may be a pari, as a book which u pari of a scries 

6 indicator Count. This contains a number descnbing the length of the 
indicator codes used to identify variable fields. 

Ihe Record Directory is an index to the location of the variable fields in the 
record It consists of a senes of fields of fixed length, one for each variable field 
in the record However, since the number of variable fields in a record can vary, 
the total length of the Record Directory section of the tecoid is also variable. 

1. Tag Each variable field is assigned a number called a tag, which 
identifies the field as contamuig a particular type of cataloging information. This 
tag is earned as a three<harac(er field as the first element of a record directory 
entry 

2 Length This is a four-character Held, which tells the length in characters 
of the variable field being described by the record directory entry. 

3 Starling Character Position. This field indicates the starting character 
position of the variable field relative to the first character of the record. 

Variable Control Number is a unique number assigned to a MARC record 

1 Indicators Indicators are codes associated with a field which supply 
additional information about the field They were formerly earned in the 
directory but now are placed at the beginning of the fields with which they are 
associated 

2 Prefix and LC Card Number This is an eleven-character field which 
contains the LC stock number which uniquely identifies this cataloging 
information as pertaining to this paiticulai work 

3 Check Digit This is a number that is derived by performing a set of 
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mathematical operations oo the digits lo the LC card number and is used as a 
check on the accuracy of the LC card number 

4 Supplement Number, Sui^Jements are treated as separate entities The 
field is blank if the work u not a supplement If it is a supplement, this field 
contains the supplement number 

Variable Fixed Fields Such umis of mfonnation are always expressed m the 
same number of characters The fixed fields arc those for which there are no 
equivalents on the LC catalog card, but the information supplied m them is 
irophed in most cases by information on the card 

1 Indicators, (see above) 

2. Number of Directory Entries. This field gives the number of entnes in 
the Record Directory or, m other words, the number of variable fields in the 
record 

3 Date entered in file. The date is given in six digits, two for the day, two 
for the month, and two for the year 

4 Date Code The date code refers to the date of publication It tclis 
whether the date is a known date (S), an unjoiown date (N), a multiple date (M), 
whether one of the dipts is missuig (Q), or whether the work is a reproduction 
(R). 

5 Date ]. This field contains the date of pubbcation unless the date is not 
known 

6 Date 1 This field contains the copyright date if it appears in the imprint 
statement, the date of the ongmal pubbcation if the woik is a reproduction, and 
the terminal date if the date of pubbcation consists of a multiple date 

7 Country Code. This field contains a three-character mnemonic code for 
the place of pubhcation 

8 niustration Codes. This field contains alphabetic codes for the types of 
illustrations in the work, far example. A— lUusliation, B— maps 

9 Intellectual Level This field indicates whether the work is a juvenile 
woik- 

10. Form of Reproduction. This field indicates whether the work is a 
irucTofilni, microfiche, or nucro-opaque 

11. Form of Contents. This is a code to identify types of material used 

frequently for reference purposes, for example A-bibbography, B-catalog The 

following fields are self-explanatory. If they apply to the work, this is indicated 

by the presence of a character ui the field. If not, the field is blank 

12 Goienvnent Fublication. 

13. Conference or Meeting 

14. Festschrift. 

15. Index Present 

1 6 Mam Entry in Body 
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1 7 Biogniphy 

1 8 Fiction 

19 Languase Code Thu ii a thiee-cluMctcr mnemonic code indicating the 
language of the text. 


I'ambte Fields are oner not of fixed length Tlie variable Oelda correspond to 
the elements on the LC catalog card, for example, main entry, title, impnnl, and 
so on Each field is assigned a tag vihich identifies it. for instance. lOO-main 
entry, personal name These tags are listed in Figure 9 14 


Retrospective Conversion 

Even when MARC II tapes become available, they wdJ be limited, for some 
time, to current acquisitions. Each library considering the use of computers for 
production of catalogs therefore is faced with a problem. How u the file of 
catalog entries for the exuling collection to be converted'’ Ultimately, the 
answer must be a national program of retrospective conversion of past catalog 
data, centered at the Ubtary of Congress but umilving the cooperative effort of 
a large number of major libraries throughout Uie United States. An initial 
project, called RECON, is now underway under sponsorship of the Ubtary of 
Congress, Its immedute goal u to convert catalog data for English language 
monographs issued from 1967 to 1969. However, m the meantime, individual 
libraries will still need to convert catalog data. To do so involves two major 
steps: editing and key^ioarding. The most difncull is the editing step, especially 
if the full detail of the MARC II format u desired. Few libraries can afford the 
investment it rcquucs, and they have therefore adopted simphtied formats, more 
or less compatible with MARC II, but with very limited identification of data 
elements 

Editing The editing of source catalog records (for instance, catalog cards) to 
be converted to machine*readaUe form is the iint major step m the input 
process The Input Editor is piovided with coding sheets, which contain 
prepnnted spaces, check hsts, and codes, together with a copy of the catalog 
card or facsimile of the record to be converted. The Input Editor has the job of 
wnting predetermined field codes, identifying marks, separation symbols, and 
other instructional signals on the coding sheet These marks and symbols, 
together with the catalog data itself, will then be key punched by the operator 
of an input device for subsequent “reading in” to the computer 

The coding sheet is a preprinted form on which the input editor enters codes, 
catalog information, and other instructions necessary to generate a single record 
in the master tape of the inputting organization The form shown in Figure 
17 20 is an example of the coding sheet developed for unplementaUon of the 
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Univciuly of California Common Input Format for monograph aulog 
records.* A copy of the source catalog card would be attached 

It IS hard to estimate the time required for such editing, and no (Irm data has 
yet been publislied Approxinutcly. however, production rates of 10 to 20 
catalog entries per hour are to be expected, for an editing cost of about SOc to 
7Sc per entry Unfortunately, this estimate not only is approximate but is likely 
to be increased by any of a number of arcumstances 

Key boarding In Ciapter 1 i we discussed the major methods of key-boaiding 
In general, conversion rates of 20 to 30 catalog records per hour can be 
expected, depending on the quality of the editing and the equipment available 
for key-boarding and input llus implies a cost, for direct labor and equipment, 
of about 30c to 40c per title Of all the costs in conversion, this is the most well 
measured and the most likely to be reduced 


Continuing Maintenance 

Aside from the use of MARC ll tapes as a source of both retrospective data 
and continuing data, the ordering subsystem can also be the source of data for 
continuing maintenance of the catalog. 


COMPUTER PROCESSING SYSTEMS 

The decuion of whether to use the computer requires careful, detailed, 
comparative analysis of the various riKthods for producing a book catalog As in 
the other chapters, we approach this task by defining the quanutaUve variables 
that are sigruHcant in evaluating the cost of producing a book form of library 
catalog and the quality of the resulting product. Each method will be analyzed 
into Its component productive operations, and equations will be developed that 
relate their costs to the signidcant variables 


General Schematic 

Regardless of the particular method chosen, the production of the book 
catalog requires the following component steps 

(a) Provision of the bibliographical entry atation 

(b) Input of the citation and duidication foi the required number of 
catalog entries 


Instmclion Manual for Editorial PrtparatuM of Catalog Source Data Berkely, 
California Institute of Library Research, Univeioty of Caltfomia, 12 April 1968 
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(c) EdiUng of the input to correct eiTOis. 

(d) Sequencing or sorting of the new entries so as to put them into the 
appropnate order with respect to the existing catalog mformation 

(e) Merging the new material with the existmg catalog infonnation. 

(0 Creation of the new page masters from which the catalogs will be 
produced 

(g) Reproduction, collating, and binding to produce the requisite number 
of catalogs. 


Figure 17.21 is a block flow diagram illustratmg the sequence of these 
operations with respect to the vanous caialt^ production methods.* ' It can be 
seen from this figure that there are a large number of alternative procedures that 
^ be utilized in producing a book catalog within most of the major methods. 
For example, vutually any card catalog can be utilized to produce a book 
catalog through the use of the first four methods for page master creation 
typing pages, photographing of a shingled layout, photographing of a sjde-by- 
side layout, and photographing by use ofa sequenual camera Although special 
ai^gements are needed to use the other methods for page master creation, 
Uiere ate a similar number of choices that can be made. 

The operations requued to produce a book catalog (listed above) can be 
pou^d into three categories- maintenance of the infonnation file to be made 
creation of the catalog page masters, and reproduction of copies 
of the book catalog The maintenance activities include mtroducing and 
duphwting new citations, merging them into the master file, changmg records to 
correct erron, and deleting records for obsolete citations. The rcquiremenU for 
maint^g the catalog information file axe virlually the same, regardless of the 
““"S-cad o, book 11,0 cosu of Uio oponl.oos in thu 
Megory wjl be uicuncd amply lo haw avaiUble the mfomabon aboul the 
„ a Joe ftS. "•'k *■>“''< I" eonadered 

as a cost of book ealalog p.odoeuon. H.,y can be mcluded to ensme a umfom 
JoalTtl. bf ““ “ ““'“■shn.g a t^e p.ctute of the 

catalog mi I “ paiucolaily in amving at a scUuig pnee for it. these 
caUog mamtenance costs should probably be handled separately. 

becomf'.h!J'bld“I,““ ‘c““ *“'* “ “ teypunching) may 

b^e ibsothed by other mayn fonctions. For example/an automated 

kSZr ' . r wouu also take advantage of the 

ahoBv *■ " f“"»™ “k™ costs me 

"holly assignable to the p.odueUoi, of a book catalog. Ihese costs depend o 


Cain'o" iSaS™ " tk Web.„. 'The Economic, of Book 

moenodoonon. Eieno, n.loorrm rectami 10 (Wmn, 19661.57-90. 
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the number of pages creaicil and, thus, on the total size of the collection and the 
catalog page layout chosen Similarly, the teproduclion operations are concerned 
solely with the production of a book catalog Reproduction costs consist of a 
fixed set-up charge plus a “per page copied’* charge and. thus, are a function of 
the number of pages in the catalog and the total number of copies produced. 

Because these variable costs arc directly attributable to the pubbcation of the 
catalog and are almost solely a function of the number of copies, it would 
probably be advisable (u print only that number of copiet for which there is a 
guaranteed market This obviously includes those used in the library itself; it 
may also include those distributed to other departments Tiie ones that are 
anticipated for sale to students and others outside the library sltould be 
estimated very conscrvativcly-the additional spread of fixed costs over a brge 
printing docs not compensate for Utc gamble with large variable costs 

The computer approach is of additional value if consideration is given to the 
possibilities of special bibliographies, easy catalog revision, integration with 
acquisitions, and simdar fringe benefits However, costs should not be allocated 
to these "intangible" benefits unless they ate actually included m the design 
ftom the beginning In other words, a system must be completely justified on 
the basis of oil economic considerations involved in its own operation and not on 
some larger system considerations, “possible” extensions, intangible benefits, 
and similar arguments On the other hand, if a system is judged to be 
economically competitive on its own merits, then the fnnge benefits are of great 
significance The results of this study indicate that the use of a computer for the 
production of a book catalog is competitive, and therefore the extended 
possibilities that it provides should be given consideration In Chapters 19 and 
20, we sJialJ diKuss some of the benefits from use of magnetic tape data for 
information retrieval, special bibliographies, and other information services 


ESTIMATION OF PROCESSING TIMES AND COSTS 

Parameters for Estimation 

The cost of producing a book form of library catalog and the quality of the 
resulting product are functions of three classes of vanables or constraints that 
must be related to each other' (l)the characteristics of the collection to be 
cataloged, (2) the charactensUcs of the published catalog, and (3) the char- 
acteristics of the production method. The important variables in each of these 
classes have been defined and arc listed m Figure 17.22. Where possible, normal 
or typical values are presented for each, but only for the sake of illustration and 

particular application to the illustrative hbiaiy presented m Figure 14 11 
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Figure 17,22 Paiameier* for estimation, catalog pioduction 



Representative 

Values 

Ulusiiation 

1 Amounis of Activity fper Month) 

New uUes<seealso Figure 1620) 



Supplements 



2 Size of Records 

Ri FuU catalog record (average) 

500 


A] Mam entry record 

300 

auU 

Ri Added entry 

ISO 
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lUustntion 

Figure n.23(a) to (e) presents an eslunaUon of the processing times and 
costs for production of a book catalog by each of the pnmary methods They 
are based on the following assumptions 

A'e>’ Boarding and Input In a manual system, cards must be provided for all 
entries These can be purdiased, but it usually is less expensive to photocopy 
and mululilh them Then, for added cotnes. filing data and call numbers must be 
key-boarded. 

For the computer systems, it is assumed that catalog data is already available 
in machine leadable fonn, either as a result of the oideimg subsystem or from 
MARC II tapes. Jn the former case, additional keyboarding is required to correct 
and update original bibliographic data, m the latter, to provide the identification 
fsuch as LC card number or short author title) necessary to select the proper 
catalog data from tapes, even in an on-line system, the keyboarding of 
identification data is necessary It has been assumed that, in any case, about 30 
percent of the data must be key-boaided (that », about 1 50 characters pet title) 
Since retrospective conversion is such a major task and occurs only once, the 
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Figure 17.23c Small scale batch compute! (snoolhly cumulative supplements and )eaily 
master file) 
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costs of It are not included However a rough estimate of S 1 per entry (60c foi 
editing and 40c for key boarding) should be both reasonable and conservative 
(although not for MARC II format) 


Sorting Each input record must be “exploded" into the number of entries 
that will appear in the pnnted catalog-main entry, title entry, subject entries, 
and the like. Then, the entire set must be sorted mto filing order It has been 
aaumed that each title wiU generate a total of five entnes For a manual system, 
t^ must also be multiplied by the number of card catalogs to be maintained 
Usually, entnes wiU be filed into both a mam catalog and a branch catalog, for 
example. It has therefore been assumed, for the manual system only, that two 
card catalogs must be mamtained 

In a punched card system, it frequently .s the case that manual sorting and 
tiling IS less expensive than mechanized, the estimates are therefore based on 
such manual operation; the times axe based on Figure 12 5 


File Access. Catalog access is requued both for the purpose of merging new 
‘•y sequential access) and for obtaining 
catalog data from it. Access for on-lmc interrogation is discussed m Chapter 20 

ave2t??nn estimates, it has been assumed that entnes will 

13 ^ («>"«denng both fuU mam entnes and shorter added 

3? Si rf * Wank Lne between 

^ '* I ‘^"® ‘Wngs (1) the number of 

bAhlanS«W2uj! T ^“PPk^ents. and speoal 

for supp]ements,and (3) the schedule 

for epnnung master catalog Below, we will discuss the scheduling of 
S “tp^ estimates for machme produced 
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Figure 17.24 I uil> of offwi printing 
(The ptlcci kliown are foe bUik ink on 20 or 16 uhilc t>ond ) 
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The need for supplement] u mwt clearly evident with printed book catalogs 
and indexes, because the cost of a complete reprinting of a master catalog is 
prohibitive As a result, supplements and cumulative supplements are common* 
place It must be emphasized, however, that anyone maintaining a card catalog 
of any size faces an equivalent problem and must utilize supplementary catalogs 
because of the almost equally prohibitive costs of merging small sets of entries 
into very large files of cards. 

The two kinds of catalogs thus reflect the difTercnt effects of two problems in 
maintenance of a catalog the costs of merging and the costs of printing. Fora 
manually maintained card catalog, ptmtmg is of negligible cost, since it is done 
once and only once for each entry, merging can be very expensive because of the 
(ime rcquiied to find entry posiOons in a laige catalog. For a computer produced 
book catalog, merging is of negligible cost because of the data-handling rates of 
the computer, printing can be almost prohibitively expensive 

Figure 17 25(j) presents a tabulation of the costs to be expected m the 
maintenance of the master card catalog of the illustrative library (of Figure 
14 11) under various alternative strategies for maintaining supplements The 
estimated rates for merging arc based on Figure 12 5. The first strategy is to 
meige each month's new entries directly into the master catalog (if the same 
thing were done on a weekly basis the costs would go up even another 20%) The 
second strategy is to maintain a yearly cumulative supplement; at the end of the 
year, it is then merged into the master file. The third alternative is to maintain a 
cumulative supplement one year, a second the next; at the end of the second 
year, the two are merged together and then the pau into the master file 

Figure 17 25(6) presents another set of three alternative strategies as they 
'hwM vfqftf to pioduction of pimVed fnwVc catalogs The estimated costs aie 
taken as those of the large-scale batch ^stem of Figure 14 9 
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Of couise , the difficulty with supplements » that they inciease the nuniber of 
files m which users of the catalog must search for data If finding data in one 
catalog takes 30 seconds, having a look for jt in three more supplements could 
make finding the data take four times as long Clearly, in arriving at a strategy 
of use of supplements, the costs of producing catalogs must be weighed against 
the costs of using them 


Suggested Readings 

The following provide espeaally valuable coverage of the issues in production 
of catalogs and indexes 

Avram, Hennette D , et al , The MARC II Format Washington, D C Library of 
Congress, fan 1968 

This presents details of the organization of bibliographic records, “the MARC 
II Format," as estabbshed for communication among libraries It is essentul to 
any library contemplating a mechamration effort 

"The Book Catalog," Library Resources and Technical Services, S (Fall 1964), 
349-398 

This IS a senes of articles by Ralph Parker, Margaret C Brown, Phyllis A 
Richmond, Robert Jones, Catherine MacQuame, George Moreland, Ida Hams, 
and Wesley Simonton 

Harnson, John, and Peter Laslelt (eds). The Brasenose Conference on the 
Automation of Libraries London* Mansell. 1966 
This IS the report of a conference, held at Oxford m 1966 It initiated froin a 
concern at Oxford, Cambridge, and the Bntish Museum about how best to 
produce catalogs of ttieu respective holdings 

Hayes, Robert M , Ralph M Shoffner, and David Weber, “The Econormcs of 
Book Catalog Production,” Library Resources and Technical Services, 10 
(I) 1966, pp 57-89. 

This IS the report of a study to determine the aspects of importance in 
evaluatmg the costs of producing book catalogs by various methods 



Chapter 18 

SERIALS RECORDS SUB-SYSTEM 


INTRODUCTION 

The “Clouaty of Lbrary Termt" of the Afnciiun Library Aasoaation defines a 
serial as ** .a publication issued in successive parts, usually at regular intervals, 
and as a rule intended to be continued uidefinilely. Scnals include periodicals, 
annuals (reports and yearbooks), and memous, proceedings, and transactions of 
socieues ” The continuing nature of serials gives rise to the need for repeated 
updating of the records and requires the creation of a special subsystem of the 
library for seruls processing.' 

In general, the miUal ordering, the cataloging, and the circulation of a serial 
parallels chat for a monograph, as discussed in the preceding three chapten 
There are, however, several features that are unique to the handling of these 
functions for scnals In particular, the continued receipt of the successive issues 
of a serial and the recuauig necessity for renewing subscriptions are points of 
departure from monographic acquisition. Another point of departure arises in 
the cases where serial publications are a benefit of membership in an 
association or society, since the serial record must contain membership data in 
addition Even the data recorded in a catalog will be more extensive than it is for 
a monograph, since it must desenbe not only the senal but also the library’s 
holdings Furthermore, since journals frequently have changes m name, the 
catalog entries must provide tracings from pnor names and variant names to the 
present one. Finally, libraries usu^y will bmd sets of successive issues into 
bound volumes, so that a serials systems must satisfy the added requirement of 


' Whetstone, G , “Serials [Vacticcf lo Selected Collies and Univeruty Libiaiies”. Library 
Rtsources and Technical Services, 
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contioUing when such buiding ^ould be done-a function without any parallel 
in monographic control 

These functions require relatively large amounts of data for each serial record 
and frequent repetitive record keepmg Taken together, this has implied that 
processing of serial records would be an especially attractive application for 
computers 

Functions 

Figure 18.1 presents an overall schematic of the functions required m a senals 
record subsystem. There are six principal functions ordermg and accounting, 
cataloging and identification, receivmg and claiming, bmding, reader services, 
and management 

Ordering and Accounting The processes for initial ordenng of a serial, in 
principle, ate comparable to those for monogtaphs, however, there aie sufficient 



Figure IS t Senabrecerd jubsyitem Khemalic 
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•liffcrcnccs (such as multiple subsciipUons due to membership in an association 
or society) to require that the entire ordering process be included as part of the 
serials subsystem This means that the functions outlined in Cliapter 16 must be 
considered again m the design of the serials subsystem, including procedures for 
requesting, approving, searclung and checking, ordering, and accounting 0ut we 
shall not review these here. 

It IS in the area of continuing subscriptions and membership that the 
signidcant adJiliorul functions occur Tenodically, renewals must be generated 
This requires that the rruster serials record contain data on renewal dates and 
amounts The identification of vendors or societies from whom to order must be 
included as well. And procedures to scan the senol records for renewal dales and 
to output renewal orders must be on integral part of the processing programs 

Cataloging The processes for cataloging of senals and for production of 
printed catalogs of them arc the same as those for monographs The only real 
complication represented in cataloging u the need for added entries for variant 
names or older names of a given serial For example, variant names will arise 
from transliterated and translated titles (of foreign journals), a pven journal may 
become two journals, sometimes with the same basic name but two ditlerent 
tenes, sometimes with difTcrent names, two journals may merge into one, and so 
on Furthermore, unlike monographic titles, which are likely to be ated 
correctly, serial titles tend to be cited in widely variant ways. “Proceedings of 
the American Mathematical Sociciy.” “American Mathematical Society Proceed* 
W'gt”. and the like ^ 

This means that the cataloget must be aware of the variants and of the older 
names when originally cataloging a scnal. Out it also means that subsequent 
changes in title may lead to revision of catalog entries 

The problem of uniquely identifying serials has led some to suggest a standard 
system of serial numbering.^ The best established is the CODEN system (Figure 
18 2)*Maintained under the cognizance of the American Society for Testing 
and Materials it consists of a 5-character alpha numeric code assigned to senals 
on a worldwide basis It has been adopted by several indexing and abstracting 
services (such as Oienucal Abstracts Service) as the basis for controlhng union 
lists and computer operations Other cfTorts indude those by the ALA fomt 
Committee on Uruvcrsal Numbering Systems,’ the Bntish Standard Book 


* Tompkins, Mary L.,At45r Minimum Abbreviations of Serial Tiilet-Malhtnwrict Los 
Angeles Western Periodicals Company, W69 

’ Harrer, G A , and Alex Ladenson, “A Proposal for a National Code Number System 
for Current Publications,” library Retourct* and Techmrel Serncei, 6 (2) (Winter 1962) 
4-12 

* Saxl. Lea, “Some Thoughts on CODEN.” Special Libraries, S9 (April 1968), 279 280 
’ ALA Joint Committee on UnnersatNumberaig Systems 
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The foUaviuigiSS. tut of jowmal names, prvminly from 


the field of Physics, and their assocuted 
abbreviations 

CODEN 


Actafhyt Ausirta 

APASA 


ActaPhy: Austria Aippf 

APAUA 


/IcrePhys. Paton 

APPOA 


American J Phyt 

AJPIA 


Ann Inst HennPMncare 

AIHPA 


AnnalenPhys (Genaanyf 

ANPYA 


Annates Phyt (Fiance) 

ANPHA 


Annalsnys (New York) 

APNYA 


Ann Math 

AKMAA 


Ark Fyt 

AFYSA 


Attron 1 

ANJOA 


Astro^hys J 

ASlOA 


^uil } fhys 

AWPA 


Bull Amer Phys Soc 

BAPSA 


Can J Phys 

apiu 


Commun. Math Phyt 

CMPHA 


Dokl Akad Nauk USSR 

DANKA 


Fortschf Phyt 

FPYKA 


HeU Phys. Acta 

HPACA 


Indian) Phyt. 

lJUPA 


Ind Acad Set Proe 

PlASA 


Jap J Phys 

JETP, tee Soviet Phys JETP 

lAJPA 


J UePhyUiFie 

JAJPA 


J UePhysuiue et de Radtum 

JPRAA 


J De Physique el de Aoduint Suppt 

JPRUA 


J Appl Phys 

JAPIA 


J Chem Phyt 

JCPSA 


J CeopAy* Res. 

JGREA 


J Math. Phys 

JMAPA 


J Phys Oitm 

IPCHA 


J Phys Soc Jap 

JUPSA 


/ Phyt Soc. Jap Suppt 

JFJSA 


J ScL lasuum 

JSINA 


fCong, Dan Mat -Fyt Med 

KDVSA 


K Dan Mai Fyt Shnfter 

KVMFA 


Nature 

NATUA 


Naturv.ist. 

NATWA 


NucL Jnstrum. Methods 

NUIMA 


NucL Instrum Methods SuppL 

NIMSA 


Nucl Phyt. 

NUPHA 


Nuovo Cim 

NUCIA 


Nuovo Cim SuppL 

NUCUA 


PhiL Mag 

PHMAA 

6S6 





InUuJucUon bS7 


1 l^te I8J iContmutJ) 


Ihjiica 

PHYSA 

n}t Rev 

PlIKVA 

Ph^t Rev tell 

PRLTA 

Ph}t Lett 

PlILTA 

PhytUt 

P^eSA 

Proc Natl Acad ScL 

PNASA 

Prof CambrtJctPhtL Soc Prof. 

I-CPSA 

Prof CambrUtt liid Soe TVons 

TCPSA 

Proc Ph}t Math Soc Japan 

PPMJA 

Proc Phyt Soc 

PPSOA 

Proc Roy Soc 

PRSLA 

Prog Tlieor Fhyt 

PTTJOt 

Prog Thror PhyeSuppL 

PTPSA 

Rev ScL Intrum 

RSINA 

Rev Mod Hiyt 

RMPllA 

SoiietJ Mud litya 

SJNCA 

Sov PhyuciJeip 

SPlUA 

Sov Phyg Vtp (tng Thmsl) 

SOPUA 

Sov Phyttef,JetpLeiien 

JTPU 

)aderna)a Ht 

YAHA 

Z Maturforsch 

ZNTIA 

Z Phyi 

ZLPYA 

211 kksp Tear Fa 

ZtTPA 


Numbering System,* and the Z— 39 Comnstiee (of USASl) on Periodical Title 
Abbrevutions ^ The latter has spcofically proposed that the covet of every 
periodical issue include a coded idenuiicaiion of the issue, consisting of the 
CODEN for the title, the volume and issue number, the pagination, and the date 
of issue * 

Recemiig and Chiming The receiviiig function, including all of the 
necessarily related operations in maintaining records and claurung, is the major 
component of any serial records subsystem. For even a moderately large library, 
it Creates a truly enormous work load. For example, a typical university hbrary 
With 25,000 active serials might receive as many as 100,000 different individual 
issues each year-an average of 300 to 500 per day. Each issue must be checked 
for validity, and the master records must be updated; if items are not received 
when due, appropriate action must be taken to claim them from the 
suppLer— which may be the publisher, or the agent, or the society, or someone 
else, and if items aie defective, they must be returned 


* British Standard Book Numbering Systeni 

’ Pratt, AUn D . "Standardizing Penodicai Title AbbreviaUons," Special Ubranes 
(February 1964), 109 111 

® Standards for Penodicals, Format end Anattgemenls, USASl (Z-39 Committee), 1967 
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Receiving adds up to a staggenng data processing work load It is therefore 
the crucial funcUon in evaluating the cost and processing tune of the serial 
subsystem As we shall see, a variety of approaches have been taken to the 
problem of providmg mpnt to a computer system without the back-breaking 
cost of key boarding massive amounts of data each day-tub files of reentry 
punched cards, one for each eapecled issue, lists of expected receipts, 

maclnne-teadabledatapmtedonlhejounial,andthehke 

Claimmg is a denvative function, of much smaller magnitude but with its own 
complications Specifically, at what point m time does a delay m receipt imply 
tat the issue has been lost! The answer is not simple doornail can be irregular, 

Z fTiI ’’ Z "-ay he delayed in the 

™ . Furthermore, there may be cases, such as a supplement to an issue, for 

getrV rhLZr 'h>‘ >" '“ne should have been received In 

ofmachmerenn t’ * ^ ^ expected that cUinung Will require a combmatioo 

01 machone repoitjng and professional judgment. 

alllin'ta ismZ'n'?’'™ (“ ‘howld have received) 

be mclu'ded and has it h. Thibet of aspects of the bound journal * Is an index to 

Th” purpose of lh?hl „. e “> i- "> ‘ho hmdery’ 

the master serial record. * ’base decision rules to each of 

p cS LZ bS. ““'f ”• >» have the 

,Lr„e.tadis.:srmr 

m It .=Tate,''n ,1“ I'ujZ"' oontrol-both 

discovered to be missing missing and those that are 

nwSZa."rnce^.;^t:;artth^'r“ 

avadable for the public to use The I.”" holding Lsls readdy 

much different from those m / producing holdings lists are not 

Chaple, 17 excemTor mfr ' ® ">■ ““”8 ” (“ »> 

up in date ** they must be produced to be 


especially impo,u“”m °sISs”Sm,'!d' uLf' » 

.e»^n. fimaucn. status-ad’ ™rneX“ZroVC=s"“ ,d 


"Ion, 16 (2) (Apia I96S)', SiicnuricSenaIi,"AmericflniJoilimenr- 
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ExUiing Scrub Mcchaniulion Prr^tams 

Although the functions outlined above seem to suggest that serials data 
processing is a ''luturar' for mechanization, it has proved to be one of the most 
difficult Usl^ undertaken in the application of computers to libraries 
Uniformly, libraries have had to take an evolutionary approach, implementing 
no more than one or two functions at a time Some have started with holdings 
lists, some, with ordenng, some, with chcck-in 

Univenity of California at San Diego Probably the eaihest use of the 
computer for serul record nuinicnance was started in 1961 at the University of 
California at San Diego “*■“ Two factors helped to influence their decision (1) 
the availabihly of a computer facility on campus, and (2) the fact that the UCSD 
library was just starling and would be expanding its serial holdings at a 
prodigious rate Pilot operation was completed in July 1962, and full operation 
has been underway since 196S 

As shown in Figure 18J. the system calb for monthly output of punched 
cards for issues winch arc expected, for manual inlerfding of them in a tub file of 
existing cards, for nunual pulling of the cards at the lime of receipt, and for 
entry of the cards to the computer for update of records Holdings printouts are 
relatively sketchy and difilculues in control of numbcnng-wiih many variations 
from one journal to anolher-cause many inegular journals to be treated as 
tegular. However, as a pioneer, this ^slem has served as a model for most 
subsequent systems. 

Cnnersily of Illinois and Fhrula Atlantic l/nnersity In particubr, the 
designers of these two systems regarded them as expansions of the San Diego 
one rather than radical departures from it. They arc similar to each other, since 
Mssrs. Heiligcr, Culbertson, Schultheiss. and Kozlow mfluenced both The 
Chicago Campus of the University of Ilbnois started its developments in 1962 
and had an operational system in 1965 ‘t-'* Tlic Florida Atlantic system was 
started in 1964.*^ 

lleporl on Senalt Computer />v/ec/ San Diego. California University Library and 
Computer Center, University of Califoniia, San Diego, July 1962 

' Vdovin, George, and Melvin J. Voigl et at . Computer Processing of Serial Records,” 
Resources and Tec/mlcalSemcer,7 (1) (Winter 1963), 71-80 
* Heiliger, Edward, '•ApplicaUon of Advanced Date Processing Techniques to University 
Library Procedures," Special Libraries, S3 (9) (October 1962), 472-475 

* ^ Schultheiss, Louts A , "Two Serial Control Card Files Developed at the University of 
Ulinois, Chicago,” Library Resources and Techmcal Services, 9 (3) (Summer 1965), 
271 287 

^ Srygley, Ted F . “Serials Record InstnicUona for a Computerized Senat System," 
Library Resources and Technical Semces, S 13) {Saatmei 1964), 248 256 
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Figure 18.3 UC San DKgoscruli holduig records sy'stem. 


Woihington Untvenity School of Afedicme. Since 1963, the Washington 
University School of Medicine has maintained a holdings list with the aid of the 
computer.* ® The list of holdings for each of some 2500 titles is kept on 
magnetic tape, updated once a month, and pnnted out m its entirety. The 
monthly list u supplemented by daily lists which are cumulated weekly. Vi’hen 
needed, other lists are also produced. Figure 18.4 is a schematic for this 
progression of holdings lists 

■"^BrcKlniin. Estelle, Irwin H Pizer, and Donald R. Franz, ‘‘Mechanization ot Libtaty 
Procedures in the Medium-Sued Medval Library. L The Set^ Record.” Bulletin of the 
Medical LO>rary Association, 51 (3)Uilly 1963), 3I3'338 






Washington Univeisity holdings list system 
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Una'ersity of California at Los Angeles Biomedical Library. In 1964, the 
Biomedical Lbiaiy of the University of California at Los Angeles started 
development of a computer based system for serial check-in It has been 
operational smce 1966 It differs from other systems m its use of a complete 
system for counting, or numbering issues based on publication patterns, from 
which it could predict the identification of issues to be received * * 

Texas A & M mm system has been proposed as a logical successor to the 
UCSD-UI FAU systems.*’ It would include reentry cards (as do the other 
systems) for control of receiving, but proposed that vastly more data be 
recorded on them 

A'ew York State Library In June 1966, the New York State Library began an 
“Automated Senals Acquisition Project” as its first step in computerization of 
library functions * * Its aim was to provide more positive control over 
acquisition and maintenance of iheu serials holdings while at the same tune 
making cunent infoimaUon more readily available to both staff and public It 
presently is implemented on a GE 235, batch mode processing Plans are to 
unplemeot an on-line mode system in 1970. The present system differs from 
those like UCSP in ns use of printed lists for receiving rather than pundifl 
cards This means that manual filing and pulling of cards are elunmated, but data 
must be keyboarded, usmg the printed list as a control record, instead. 

Vntversity of California at Davis and Rii'erude. As part of a larger project for 
cooperative development of computer-based bbrary systems, these two campuses 
of the University of California have been working together smce 1966 on the 
development of a complete senals record system.” It combmes the use of 
printed lists, as in the NYSL system, with the use of prenumbered punched 
cards-the Lstmg for a given journal issue indicating the card number to be used 
for entry, the card number being otherwise meaningless 

Chemical Abstract Service. A somewhat different, yet vitally important 
aspect of the serial record problem is represented by the production and use of 
uiuon lists of senals One effort in this direction was that started in 1967 by 
Cheimcal Abstracts Senices ** Through cooperative arrangement with all the 
major research libraries of the country, complete venilcations were made of the 

' ^ Bishop, David, <1 aL. op cil 

'Stewart. B W, Data Frocaunt in the Texat Aa:M Unnenity Library, 
(muneojzaphcd) (iheus) 

New York Stale Library AuiomaieJ Senalt Acauisitton Project Summary Detcnp- 
lion SUNY, Albany, May 1968. 

’ Newton, Ceiald D .Design 5pea/kanont f» a Computer Based SenaU Contrd 
S} Hem. Davis, Califotnu General Irbuiy, Uomruty of Califotnu. Davis and InsUtute of 
Library Research. N D (1967) 

® "Cbemicai Absuacti Introduces ACCESS.” Chemscal and Engineering News, 47 
(March 31. 1969). 46 
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holdings each had of a set of some SOOO journal lilies of importance to 
Uicmiiiry CAS prepared a consolidated Union List, called ACCCSS, of the 
reports from tiic participating libraries, using the computer 
f^’aiional Semis DJta Program. In this respect, the joint program of the 
bbrary of Congress, the Naltonal Library of Medicine, and the National 
Agricultural Library for the development of a National Serials Data Program 
occupies a crucial position ^ ' Started early in 196S, the program is aimed at the 
use of the computer fur control of serials hteraiure in every subject field As the 
first step m doing so, a survey was laLcn. at major Lbraiies throughout the 
United States to determine vshat data elements should be recorded m centralized 
national records of serial holdings*’ Subsequent stages uere contracted to the 
Association of Research libraries, starting in 1969 

Tile Problems in Convenlon to a Scrub System Conversion to a new serials 
system IS complicated by ilie desire to ensure that the data is accurate, up to 
date, and consolidated This frequently means that m addition to the usual 
problems of editing and key-boarding, one must consider making a physical 
inventory and bringing together a diversity of existing records. Furthermore, 
since the existing records are already an integral part of on-going day to day 
operations, great core must be taken in conversion to ensure that it does not 
interfere with operations and that incoming data after conversion is included in 
both the existing records and the new ones. 


FORMS AND FILES 

A senals record system is (datively binited m teims of the number of files 
which it involves One is crucial'the Master Seiial Records File All data comes 
to it and ail output is generated fiom it A second file, from which 
machuie-readable data can be obtained for input, or at least a listing which can 
be used to control key-punching, is usually tequued as part of the receiving 
function Other files— of vendor data and of funds-are lequued as part of the 
accounting functions, but these are simply counterparts of those discussed m 
Chaplet 16. 

A large variety of output lists are produccd-holdings Lsts, bindery orders, 
routing lists, claiming letters, shelf lists, membership lists, receiving lists, 
expected arrival lists or cards, and the like 

Woods, Elaine W , National Senali DaU Program (Phase 1) A Working Paper 
Wa|hin£ton, D C Libiaiy of Congress InfoiioatioD Systems OiTice. August 1967. 

Cunan. Ann T , and Henneile D Avtam, "The Idenliflcation of Data Elements in 
Bibliographical Records." Final Report of the Special Protect on Data Elements (USASI), 
May 1967 
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Record^F tliscuss the nature and content of the Master Senal 

Recorf, FJe the Recetvmg FJe (o, L»,). aod the output l„t,. 


Master Senals Data Record 


repre^nLtive^n^'t^^"*^ Tr EMicral description and Figure 18 6 presents a 
1 8 7 Zr, "u ““ S'"“l Reeorte file, and F.gure 

ptetent, detaj, about the Ble tt»If Thetecotd fottnat can be imded ntto 




Six main parts cataloging data, ordering data, receiving data, binding data, 
holdings data, and distnbution data 

Cataloging Data. This includes the standard cataloging data, as in any catalog 
record It includes, for instance, name changes, alternative titles, and analytic 
entries for separately titled issues. It mcludes a unique serial identifier, which 
might be the CODEN. It may include a limited set of subject headings 

In addition to these more or las standardized and self-evident items of 
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catalo^j dj{j, it might iiJm lie teosoiuble to inclinie lefcicnccs to absttacting 
and indexing journals by uiuch the serial u being covered, or is likely to be 
covered 

OrJcwtg Data. These data include renewal dates, names and addresses of 
publulicr, society or association, code for vendor, code for funds from which 
aubscTiptions arc to be paid, costs, and references to associated pubbcations 

Rccamig Data. Tlicse include data on frequency of publication, on 
volume and issue numbering practice, on irregularities to be expected (such as 
delays, supplements, and multiple issues), check m points, and claiming criteria 
Tliey are used to control the issuance of reentry cards or listings for control of 
the receiving operation and forimuatingclaifiung. 

Binding Data. Tlicse data include style and color of binding, number of issues 
per bmding volume, binding frequency, binding dates, and other special 
instruciions for binding. 

Holdutgt Data. These include all of the standard data on holdings, both 
bound volumes and separate issues, lacunae and missing issues, wants, locations 
W which holdings ate kept. 

Dutnbuuon Data. These data a/e used to produce disiribution lists or SDI 
at the tune of receipt of an issue. They include the name and address of 
individuals, organizations, and locations to which issues are to be circulated. 


Receiving File 

The Receiving File is the set of records or pnnied lists used to control the 
receiving operation itself and to provide for subsequent input to tJie computer 
concerning issues which have been received. 

Conicnii Figure 18 8 lists data that might be mcluded m a receiving record. 
The amount of data actually included in a typical situation will depend primarily 
on the form in which the record is produced 

1/se The receiving record, as we have indicated, is used to update the master 
senals file record when a single, specifle issue has been received It can, however, 
be Used for much more than this For exam{de, if an issue other than an 
expected one, if more than one, or il a detective issue has been received, the 
receiving record can be used to indicate what has happened. If the need for 
claiming becomes evident before the computer would ordinarily recognize it, the 
receiving record can be used to initiate a claiming letter. 

Bornt The choice of form for the receiving record is probably the most 
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found and pulW. If the iclcvanl card is not in tlic file, the data must be 
^cy-punched to create an entry rcconl 

The UCLA-UiomeJical system also uses a punched card receiving record 
Hovscvcr, instead of attempting to predict each month what issues will be 
received, a rcccmng record is pioduccd each time an issue is received, which 
then serses as the icccising record for the next issue, whenever it may am\e 
A&tm, (he amount of data is quite limited 

The Texas A & M system also uses a punched card receiving record, [fowever, 
instead of limiting the data on it to that which can be punched and interpreted. 
It includes a very complete set of additional data printed on its face. Asa result, 
the receiving clerks have a mucli more accurate picture of the nature of expected 
issues 

The problems of interfiling and nunually pulling cards m a tub Hie have led 
tome systems to use punted receiving luts instead For example, the New' York 
Stale Library docs so, and then uses it as a source record from which to 
^ty-punch data In particular, cacli expected issue is listed with an associated 
control number \Mien they ate received, the receiving clerks need only check off 
the relevant entry. All that need be key-boarded are the control numbers of 
issues received (or alternatively of issues not received if Ihu results in less volume 
of keying) The UC Davu system carries this a step further, by replacing the 
key-boardmg with the pulling of pre punched, pre numbered cards from a tub 
file. Manual filing of cards, however, » elimnated, since the numbers are 
completely non significant In either case, the entry for an expected issue can be 
quite complete, giving the rcccmng clerks an accurate picture of its nature. 


Output Lists 

Tigure 18 9 IS a set of typical output bsts and records receiving records, 
^formation lists, invoices, and bindery lists.*’ (It is based on the plans of the 
New York State Library ) Their functions are each self-evident. 


estimation of processing times and costs 

Figure 18.10 gives a list of parameters relevant to estimation of processing 
times and costs.’* Figure 18 1 J(a) to (e) gives esUntales for our dJust/ative 
library of Figure 14.1 1 In making these estimates, no provision was made for 
handling new orders nor for the production of distribution lists 

” A'ew York Slate Libra/y Senatf Project, Op at 

Voigt, Melvin J , “The Costs of Data Processing ui Univeisity Libiaiie$-ui Serials 
Handling.” College and Research Librenei, 24 (6) (Noveinber 1963), 469-491 
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Figute 18.9 Computet genented reports from 
the I^iaiy penodicals system 


Report Title 

Frequency 

To Whom 
Sent 

Function 

Receivmg 

Records 

WeeUy 

Check m 
clerks 

To match incoming issues against those 
expected and to record any others 
received The information recorded is 
processed by the flexowntei and entered 
into the computer resulting m an up- 
dated Work List 

Semis Information 
List 

Weekly 

Subject 

Heads 

Ptovides the library reader service staff 
with current infnrmation on all titles in 
the active Tile 

Invoice Control 

Weekly 

Older 

Section 

Contains all invoice charges approved 
and disapproved for payment Further 
action on these mvoices is transcribed by 
the flexowniet mto data to be processed 
by the computet to update the (lie 

Bindery Control 

Lui 

WeeUy 

Bindery 

Unit 

Used as a check off list for the issues 
that must be collected for bmding Mis- 
suig and on-hand issues are identified 
Any discrepancies found will be re- 
enleied in the system wa the flexownter 

Claims/ Renewal 
Requests 

WeeUy 

Supplier 
or Vendor 

Forms printed by a high speed printer 
leady to be stuffed mto wmdow 
envelopes for mailing Claim notices wdl 
be sent for each issue anticipated, but 
not received withm a ceitam tune span 
To prevent the collapse of a subscription 
thru non payment, renewal requests will 
be generated when the expiration date is 
approached 

Inquiry /Proof 

(See 

Funclion) 

Stare/ 

Requestor 

A complete pruning of the Master Tile 
fot any one liUe for staff-used in 
examining questionable transactions. 
The report is aulomalically generated 
when a title is originally converted or a 
revision is entered for a title on the 
Master File. Other than that, Ihe report 
may only be generated via an inquiry 
transaction 
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Rcpoii Tills 

1 rcqucncy 

Totthom 

Sent 

t unction 

tJior List 

WeeUy 

Library 

Conlaini a tut of mroimaiion entered 
inio ths system which is incomplete or 
conliins eiiors. The correct information 
if teenleie J in the form of revisions. 

New Acquiulioni 
Liil 

Monthly 

SUff^ 

Containi new aJdilioni to the NYSL 
Scnalf collection It will be published as 
part of Tht BooLmark and used for 
icpofluig new acquisitions to the New 
Scrub Titles Project of L C 

IloUinji List 

Monthly 

Staff^ 

An interim tepoit to the Annual Master 
List A lilt of all new additions to 
rciiospective holdings of titles on the 
Mailer bile 

Control Lilt 

Quaruily 

Pcooilical 

SCCIMA 

Head 

A list of scriab, caUgorued as unpte* 
diclable, for which no addition to hold- 
ings has been recorded within the past 
quarter. Periodical section staff will 
initiate a tranuction to generate a claim 
noiKC from ihe computer lyslcm 

Sutiitieal 

SummvMi 

Annual 

SlafT*'^ 

Contains information concerning certain 
characteristics of the serials acquisitions 
program Designed to provide manage- 
ment with facts on current expenditures 
to guide them in making decisions about 
the KYS Library Serials Collection 

Classified List 


SUIT 

A list of aU lilies in the file Unclauiried 
titkswiU be omitted 

Subject Heading 

List 

Annual 

Ubsat) 

StaH' 

Designed to provide the library staff 
and general public with a new’ tool 

Master List 

Annual 

Library 

Starr 

A comprehensive lisUng of all titles m 
the Master bile, with the full cataloging 
and detailed holdings statement 


Estimates of Physical Handling Times 

No data is readily available of the average time required for receiving 
petsooPAl t<a vitK'Ktay , ct«ck,, vUnsp, awl wart, th* aiirobecs of recewed 

issues The values shown are therefore not based on even the experimental data 
for other manual handling rates, but are purely nominal. The workload is based 
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on data from several libraries (including the Univenity of California at San 
Diego) on the distribution of frequency of publication among serials These data 
imply an average of 4 to 5 issues per year per serial 

Estimates of Manual FJe Access 

The estimates for manual file access in the computer systems are based on the 
use of prepunched re-entry receiving cards, which must be interfiled and then 
pulled when issues are received If a receiving list is used mslead, the time fot 
interfiling would be replaced by increased key-boarding costs, and the time for 
pulling cards would be replaced by that for looking up ui a list 

Estimates of Key-Boardtng 

Using prepunched receiving cards, key-boarding is required for entry of issue* 
for which no card is available and for introduang changes m machine records 
These have been estimated, nonunally, at 10 percent of the daily activity 

Bstimates of Computer Time 

These are all quite straightforward and self-explanatory 


Figure tS.IO Parameteisforestunaiion 


■■■■11 


lUusrnuve 

Values 

1 Worf, Load 

Vi Monthly lereipts of Issues 


5,000 

Vx Monthly Renewals 


1.500 

Vi Monthiy CUimt 


150 

V 4 Number of hlonChly Holding Lists 


1 

2 Record Suet 

R )4 Muter Sensi Record 


1,000 

Ri 7 Receiving Record 


45 

3 Rde Sues 

Fi 4 Muter Sensl Record Fik 


25.000 

Receiving File 


20.000 

4 Output 

Yeuly Master Serul Record File 
(Pull Master Serul Record > 1000 
characters] 


25.000 

Monthly Cumubtive Holdings Lul 
(240 chaiacteis/scnal) 


15,000 







679 










684 Semis Records Sub-Systems 


Suggested Readings 

The literature concenung senah record processing tends to be specific to the 
system of one or another library, rather than covering more general considera- 
tions However, the following seems especialfy useful 

Btodman, Estelle, Irwm H Pizer, and Donald R Franz, “Mechanization of 
Library Procedures in the Medium-Sized Library I The Serial Record,” 
Bulletin of the Medical Library Assoeuttan, 51 (3) (July 1963) 313-338 
This reports on the system developed in the medical library at Washington 
Uiuveraty m St Louis. 

Vdovut, George, Melvin J Voigt, et al , “Computer Proccssmg of Serial 
Records,” Library Resources and Technical Services, 7 (1), (Winter 1963). 
71-80 

This reports on the system developed at the University of Califorma, San 
Diego It represented the starting point for many subsequent systems 

Woods, Elame W., National Serials Data Program (Phase Ij A Working Paper 
Washmgton, D C. Library of Congress, August 1967 
Eventually the National Serials Data Program will be as significant in the 
development of mechanued serials systems as the MARC project has been for 
catalog systems This was the report which initiated the project 



Chapter 19 


mechanized information 
SERVICES 


background 

In the previous five chaptert. v-e comidcred the use of computert m tite internal 
clerical ptoceues of the library, representing the counterparts of business data 
Processing Although these uses are most important, they seem relatively 
mundane in comparison with the potential uses of computers in support of 
^formation services 

Information services include, in addition to normal library reference service 
(I) information retrieval, (2) information analysis, and (3) information publica- 
tion, announcement, and distribution Libianes of all kinds ate beginning to 
assume more responsibility in these areas, and eventually should serve as agencies 
for acquisition of data to support information services not previously considered 
"'ithin rheir scope-including, in particular, the use of machine-readable 
computer data. They will also serve as points for access to state, national, and 
®ven international resources through networks of vanous kinds Perhaps most 
important the library can provide a point of assistance in the use of new forms 
of data for "mechanized information services ” 

The interest in mechanized information services in the library arises from the 
so called “information explosion,” the consequent need felt to exploit new tools 
m coping With the increasing amounts of research literature, the development of 
data bases in machine processible form, and the production of generalized 
computer programs that can process a variety of machine stored data It is best 
fcpresented by the general trends m developing information services to science 
and engineering Increasingly, the research interests of scientific specialties are 

685 
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being served by critical analyses and syntheses of the results of existing work-as 
reported in the published literature and at conferences, but also as it i$ becoming 
available in less formal means of commuiucation Whether this effort is 
embodied in “information analysis centers" (such as the “material propeities 
centers” listed in Figure 19 1 the ERIC Clcarin^ouscs listed in Figure 19 2, 
and the KINDS centers listed m Figure 193*) or is simply an extension of the 
established practices m good research, it requires a more sophisticated means of 
acquisition, control, dissemination, and retrieval of the relevant results This has 
led many different groups of lesearcheis to turn to computer-based systems of 
data management, and the number of proposes for mechanized information 
services in one disciplme or another steadily multiplies Unfortunately the 
emphasis on mechanization has tended to result in duplication of effort, 

Figure 19.1 MalenaU ifirofmaimn centers 


Ceramics atid Ctopfuu Infomoiion Center 
Au force Materials Laboratory 
Wnght Paiietson Au force Base 
Dayton.ObM 4$4}3 

Chemical Thermodfnamie Propertifi Center 
Tex*$ A 4 M Univcrsily 
ColUge Slauoo Texas 

Defense MelaUln/ormetion Center 
Battclie Memorial Instituie 
Columbus, Ohio 43201 

SUetronia Properties Information Center 
Hughes Aucratt Company 
Oliver Oty, CaWomia 90230 

Mechanical Properties Data Center 
Belfour Stulen, inc 
Traverse Qty, Michigan 49684 

Thermophysacal Properties Research Center 
Purdue University. Research Pail. 
Lafsyetie, Indiana 47906 


' Maieriali Properties Information Centers, Wn^ii Paltetton Air Force Base, Dayton. 
Ohio 

* Girrent £R/CCkarinj(iouses and Their Scupes.Orftce ol Educauon, March 1S69 

* >13110114 InsUtute ol Neurological I>i%asea and Suoke, The Neurohsxail Information 
H'emork. Vs Departmem of HealCb, Educauon, and Welfare. Public Health Service 
Publication No 1691 



igure 19.2 LRICOcarinshouict. 


AJuli tJucaiioti 
S)ncui« Uni^cnily 
107 Roney Lane 
SyracuK. New V oik 13210 
Counselwf enJ tcrsonnel Stn icti 
611 Church Sued 
Ann Aibor, Michigan 48104 
Tilt Urban DuaJvenioj^tJ 
Tcachaa College 
Box 40 

Columbia Umvenity 
New York. New York 10027 
tarty ChilJhootl LJucation 
Uzuvenity of Ulanoil 
SOS \te>t PenMyhraiua Avenue 
Utbana. Illinoii 6U01 
^JucaiionatAiiminittraUon 
lien dnelu Hall 
Univewty of Oregon 
I^ugene, Oregon 97403 
Siiueeiionel Faciliiui 
Umvenity of W'uconain 
606 State Street, Room 314 
Mailison. ucoiuin S3703 
^Jueahonal Malta and Ttchnohgy 

InxUtule for Communication Reicaicli 
Stanford Uiuvcnity 
Stanford. Cal^omia 94305 
Excepliorul OiiUrtn 

Council for ExcepUonal Quldiea 
1499 Jeffeiion Davis Highway 
ArUngton, Virginia 22202 
Hightr Education 

George Washington Univetsity 
Washington D C. 20006 
dunior Collegei 

University of California at Los Angeles 
405 Hilgard Avenue 
Los Angeles, California 90024 
Library and Information Saencei 

American Society for Information Science 
1140 Connecticut Ave , N W 
Washington, D C 20036 


LInguUlui 

Center fur Applied UngulsUcs 
1717 MassacliuielU Avenue, N W 
Waaliington, D C 20036 

RtaJmg 

200 Pine Hall 
School of Education 
Indiana University 
Uluonunglon, Induna 47401 

Rural Education and Small School! 

New Mexico State Univcisily 
Box 3AP, University Park Branch 
Las CYuces, New klexlco 8S001 

Science Education 

Ohio Suie University 
1460 UesI Lane Avtnue 
Columbus, Ohio 43221 

Sotu! Settnet Education 
Socal Science Pudding 
University of Colorado 
970 Aurora Avenue. 

Boulder, Colorado 80302 

Teller Education 

1156 Fifteenth Street. N W 
Washington. D C. 20005 

Tachmgof English 

National Council of Teachers of English 
508 South Sixth Street 
Oumpaign, Illinois 61820 

Ttachmgof Foreign Languages 

Modem Language Association of America 

62 Fifth Avenue 

New York. New York 10011 

Test!, Measurement and bialuatton 
EduuUonal Testing Service 
Pnneeton, N 1 08540 

Vocational and Technical Education 
CMuo Stale University 
1900 Kenney Road 
Columbus, Ohio 43210 
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Fi8U(el9 3 Infoimatioa centers of the 
National Institute of NeuroIogKal Diseases and Stroke 


Brain InformationSenice 
Bio-hledical Labraiy 
Univcrstty of California 
tosAngefes,Cahfonua 90024 

Parkinson 's Disease Reseaivh and Information Center 
Columbia Univemty 
New York City. New York 10032 

Vision Information Center 

CounIway Dbtaiy of Medicine 
Harvard Univeisity 
Boston, Massachusetts 0211$ 

Spectehiidlnformaium Center for Heanttg. Speech, and 

Disorders of Corrxmunteatton 
The Johns Hopkins 
Baltunote, Maryland 2120$ 


dissipation of talents better directed toward substantive research, and prolifera* 
tion of incompatible systems 

In parallel with these specialized interests, national organizations— federal 
agencies, professional societies, and commercial companies-have been develop* 
uig mechanized systems for pubbcation and for information services to suppofl 
their own defined missions. (There are. for example, more than 400 installations 
of computer controlled typesetting equipment m the United States *•*) Most of 
these national organizations view the resulting mechanized data bases as useful 
for providing information services to other interested parties 

Of immediate significance to Itbraiies, m this respect, are the large number of 
national programs that are now generating cataloging and indexing data m 
mechanized form For example, the Ubiaiy of Congress, the National Library of 
Medicine, and the National Agncultural Library plan to distribute 
catalog data m magnetic tape form, and the National Library of Medicine has 
already distributed Medlars tapes to several cenieis (see Figure 19 4)* The 
Defense Documentation Center, NASA (see Figure 19 5).^ and the AEC ate 

* Kuncy, Joseph. ’ Pubticauon and Distnbutioa of Information, ' in Culos Cuadra. 
Annual Review of Information Science and Technology, VoL 3 Chicago 
Biitannica, 1968.PP 31-00. 

* S'ewsletler, Compoiiiion Infomiation Services, IS October 1968 

* Repotted in vanous laaieiof XiieBudetmof the Idedical Lthrary Association 

^ NASA Regional Dissemination Cenlert, NASA Technolo^ Ulilizalion Diviuon. 
December 1969 
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Kegion^ Medlars tenters 

t’n'WJi/y of Colorado 

Demson McniotUt Library 

Denver ColutaJo S0220 

Karolmika Intlilut 

UiomcJical Documentation Center 
Stockholm. Sueden 

Uniteraiy of California 

Dlo-McJiva) Libiuy 

Los Anf cicj. California 90034 

Viurertity of A labama 

Medical Center Library 

Birmingham, Atabama 3S233 

llanarj Vmxeraty 

Cuuniway Library of Medicine 
Boston, Maisachuselli 021IS 

l^onenilyofMuhlian 

Medical Center Library 

Ann Abror, Michigan 48104 

Texai Medical Center 

lessen Jones Library Building 

Houston. Texas 7702S 

National Lending Library for Science and 
Technology 

Boston Spa, Yorkshire LS23 7BQ 
Lngland 

OtnaZtata Bniimity 

College of Medicine 

Columbus, Ohio 43210 

Vmiersiiy of Sydney 

Oasser Computing Department 

Sydney NSW 2006 

Australia 

Figure I9J NASA regional dissemination ccnleri. 

■4«roiptfee Rtteareh Applicailont Cenlrr 
Indiana Umvcruly 1 oundaUon 
Bloomington, Indiana 4740$ 

Mew tngland Research Appheation Center 
Univcrsiiy ofConnecticui 

Slorts. Connecticut 06268 

Aoeilabilily Syslemt Center 
University of Pittsburgh 

Pitlsburgh Pennsylvania 

North Carolina Scitnct end Technology 
Research Center 

Research Trungle Park 

North Carolina 

I'rchnology Application Center 

University of New Mexico 
Albuquerque, New Mexico 87106 

Western Research Applications Center 
University of Southern California 

Los Angeles, California 90007 


already distributing index data in this way. Chemical Abstracts (see Figure 
19 6),“ Biological Abstracts, Ertgineenng Index, Historical Abstracts, and other 
abstracting services are experirnenting with similar mechanization There are a 
number of commercial organizatiras in book distribution—such as Bowker, 


• Information Semces 1970 Cheioical AbstncU Service, the Ohio State University, 
Columbus, Ohio 
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Figure 19 6 CAS expenmental centers 


Alberta Information Retnevd Association 
c/o Research Council of Alberta 
Edmonton 7, Alberta 
Canada 

Danish Technical Librery 

DoLumentationsafdetmeen 
Copenhagen K>Deiunaik 

CreaUr Louisville Technical Referral Center 

Uruversity of LoumnUe. Speed SmentiTic School 
Loui!!ville. Kentucky 40208 

JIT Research Institute 

Computer Search Cenier 
Chicago, Illinois 60616 

A'erionel Science Library 

Kational Research Council of Canada 

Ottawa 2. Ontario 

Canada 

United Kingdom Chemiad Information Service 
Univeisiiy Park 

Nottingham NG7 2RD, CngUnd 

University of Iowa 

University Computet Center 
Iowa City, Iowa S2240 

University of Pittsburgh 

Knowledge Avalabilily Systems Center 
Pittsburgh. Pennsylvania 15312 

Cesellschaft DeuricAer Chemiker 

Ableilung Chemuches Zcntratblatt 
Chcfedakleui 

Ccisbeigsuasse 39, Germany 


Bro-Dart, and Abel-that are instaUmg mechaiuzed catalog services In summary, 
mechanized data from which reference services can be provided are becoming 
readily available to every large bbrary throughout the United States. The extent 
to which this fcind of distribution is becoming an operational reahty is so great 
now that an orgaruzation has been formed among the centers receiving 
tapes— The Association of Soentific Infomiation Dissemination Centers 
(ASIDIC).* 
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Of pcihips even gicater potenlui impoilance arc the large number of 
soaoecorromjc data banka being eitabliahcd in magnetic tape form The most 
prominent example are ccnsui tapes The Bureau of the Census has decided to 
distribute them to univxtsity cenleti as »elJ as governmental agencies and 
commercial Information service centers'* In addition, however, there are a 
number of university centers that have formed a Council of Social Science Data 
Archives to deal with the sharing of more spccialiicd data bases of this kind ' ‘ 
E^ihaps the most important examples, in the long run. arc the metropolitan data 
banks being created by a number of cities, counties, regions, and states.' ’ These 
^lU provide a continuing flow of data of fundamental importance to research, to 
planning, and to economic development 

A third category of data are text tapes, a by-product of the process of 
publication as well as a result of conversion of data for research on the 
pioperlies of text With the large number of computer controlled type setting 
installations, these text data bases are also becoming available for acquisition 
Appendix 3 presents a detailed inventory of a leprcscnlativc set of data bases 
of all kinds, and Figure 19.7 is a summary bsting of them A most significant 
*spcct of this listing IS the number of commercial organizations in it, since they 
teflect the recognition of the potential market for magnetic tape data base The 
extent of private investment In (his kind of product has now reached the point 
‘bat an “Information Industry Association” has been formed. It includes 
publishers, subsidiaries of equipment manufacturers, and companies pnmardy 
ooncerned with the newer media of publication 
These cxistmg national projects amply demonstrate the extent to wluch 
mechanized information retrieval is a rcabty today, and the number of national 
programs generating data in magnetic tape form is continually increasing 
Although most of them have been oiienled toward meeting the special 
requirements of the agencies involved, as a whole they now constitute a national 
resource of great magnitude and importance. In Chapter 1, we reviewed the 
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Data Archives, Columbia Univcisily, New Ywk, 1967 
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^cr Conference. September 10. 1965. Bureau of tbe Census. 1966 

'^Carlson, Gary, Literary Works m Machine Readable Form. Provo. Utah Brigham 
Voung University, July 1963 Subsequently updated in the January 1967 issue of 
Computers and the Humanities 

* Inforum, Newsletter of the InfoimaUon Industry Assocution, Suite 700. 1025 15th 
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American Bibbogiaphical Center 
8CK) Micheltoiena Avenue 
Santa Barbara, California 9310S 

Dr Enc Boehm, Director (SOS) 962'6S82 

Mechanized production of the five >ear index for Historical Abstracts, containing aB 
bibliographic elements exclusn'e of the abstracts themseNes. 

Amcncan Chemical Soaety 
1155 16th Strcet.NW 
Washington. D C 

Joseph Kuney, Director of Publications Research (202) RE 7-3337 
Steve Waicavich, Programmer in Charge 

Began m 1966 to produce Joumal of Chemical Documentaiion by computer driven 
Photon 200 About 100 articles for 1966. 500-600 expected by end of 1968 Also 
putting some of the articles m the Journal of Chemical Engineering Data for 1966 w 
machineabte form Goal is to produce all of ACS journals m this way 
American Institute of Physics 
335 East 4Sth Street 
New Yori, New York 100717 
(212) MU5 1940 

They are working on a thesaurus in magnetic tape format as the fust step toward 
mecharuaation.abibUojiaphjc tape service was sclieduled for mjd-1970 
Amencati Petroleum (nstitute-Divisioii of Refining 
Central Abstraetmg and Indexing Service 
555 Madison Avenue 
New York, New York 10022 
Mr. Evetette 11 Brenner. Manager 

CuncuUy abstracting 1,000 documents and journal articles and 1.000 patents per month 
and storing in magnetic tape form 
American Society for hletals 
ASM Documentation SctvKc 
Metals Paik. Ohio 44073 

Mrs Maqoiie Hyslop, Associate Duector (216) 338-515 1 
Literature in the field of Metallurgy, stored in magnetic tape form 
Applied Mechamci Review 
Southwest Research Institute 
8500Culebta Road 
San Antonio, Texas 

Mr Stephcnluhasz (572) 684-2000 

Complete data in magnetic tape fona for the WADEX (word and author index) 
system- actually a senes of programs and data to create the index to AMR 
Atomic Energy Commission 
Division of Technical Information 

Extension, PO Box 62, Oakndge, Tenn 37830 
Fred E. Marsh, Jr .Chief. Computer Operatmiu 

Two sets ot magnetic tapes currently produced (I) Used in production of Nuclear 
Sciences Abstracts (2) A general type us^ in SOI programs 
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GioScmiko Infonnitlon Service 
381} Walnul Slice! 
t'luliJcIphU renniyIvanU 19104 

Pti>U)(V I‘aiLjnt.Ouc«lur(21S>)8(«4l4 
Miu Louite ShulU. AwaUnI Uirtctot fof Sritema Develupmenl 
McchaouciJ tyaicm li uxJ for fto^MtngBiolofieaJ Absiracit anJ lit four InOcxet 
1 Author 

i PcimutcJ fiacmcnti from an aufimeotol tide Latinc 

3 CoorJinale Poalcd InJex » piccoorJinal* inic*. uain* only Uac lermt aabiJi are 
uiej at heaJintt an4 tubhcaJint* of BA tcctiont. Theae then are larpe termt 
rather than Octaikii af^cifrc unitcriDa 

4 Btoayitcmaiac uiJex (Taxunoiiaic) 

B R BoaaLetCompany 
I UQ Avenue of the Amerlcu 
New York. New York 10036 
Mr lohnQerry 111(212) LT 1 8800 

Haa lutomateU the pioJuction of Pub Weekly. BPR, etc., and ulahe* to eneourase 
sencral uae of lapet (uiah to mailet ewvn tape eventually) They have more than one 
dale bank avaiUbU to any tntereaied tubacribcr 


Bureau of iheCenaut 
Waahington. D C 

MaiahaU L Turner, Jr . Chief. Central Utcia* Service 

The 1970 Census Summary u iH be the firat to be availabte 
tape form (approMinaiely 1600 tceU). 


Hi entuety in mapielie 


Chemical Abaliacta Service 
2S40 Olentangy River Road 
Columbus, Ohio 

Mr LUen G Johnion, Maruger Sobscr.ber InfcmnUon Service (614) 293-7423 
293 5022 

1 Chem Abauacta |CAJ is available on Upe in condensed form 

2 Chem Titles |CT1 began in 1962 -ni.s ssa KWIC-type index with about 500.000 


titles 


w has about 21,000 


3 Chemical Biological Aclivilies JCBACl began in 1964 and m 
titles with abstracts 

CAS has a registry lystem which taUs tvKvduncnsional 

pounds and searches for those containing the same structure, r" 

Now have 500,000 compounds, with a capacity of 5 million 


lO matter how displayed 


Clearinghouse foe Federal Scientific and Techiucil Information 
5825 Pott Royal Road 
Springfield, Virginia 22151 

Peter F Urbach. Assistant Director, Systema . „ , 

Embarked on the producUon of consolidated mdexei to Federal STI (NASA, AWC and 
DOD) using computers A tape veisioo of USEBDR wasannounced in early 1970 
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Institute toi Stientific Informition 
325 Chestnut Street 
PhiladeJphia, Peimsylvanu 

Dr Eugene GarfieW, Director (215) WA 3-3300 

Tapes available on lease or buy anangement File of Science Citation Index, ASCA, and 
ISl Search Service 

Tibtary of Confess 
Fust and Capital Streets 
Washington, D C. 

MARC IS continuing an effort to provide primary cataloging data m magnetic tape form 
NASA (by contract with Documentation. Inc ) 

Scientific and Techrucal Information DcviSiOii.Ofncc of Technology Utilization 
Washington. D C. 20546 

lohnF Stearns.Diiector.STI Division 

NASA STAR IS produced using magneUc upe Now developing an online service 
EstabUshuig subcenters at several univetsiiies. 

National Library of Medicuie 
8600 RocKnUe Pike 
6ethetda,MatyUnd 20014 

(202) 656-4084 Bethesda OffUe (301) 654 9190 

Has been producing Index Medicos for several years uang mechanized methods and is 
servicing ret^uests for searching of the existing Fdes EsubUshing subcenters throughout 
the world 

National Standard Reference Data Systems 
Gailheisbutg, Maryland 

Dr Steven Brady, Duector (202) 921 1000 

Indexed bibliographies and data in magnetic tape lonn Bibliographies run to 30K 
references with notes on data coutent 

Office of Education 
400 Maryland Avenue SW 
Washington, D C. 

Project ERIC (Educational Reaiarcb Infaimabon Center) duliibutes citations and 
abstracts on magnetic tape. 

Science Inlormation Exchange 
Smithsonian Institution 
Madison National Bank Budding, 

1730M Street NW 
Washmgton. D C.20Q3S 

Dr Vincent Macun, Chief, PhysicalSciencesOnision 

Monroe E Frecfnan, Director 

Magnetic tape files include deKnpUons of panl supported research projects and an 
inverted subject index to them 
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niMiy cfToiti to create inrornuliun neiuotks that would make the alored data 
readily available to usct» ocrywhete the Stafford Warren proposal, the studies 
by COSATI. the program of the National bbiaiy of Medianc. and the efforu of 
EDUCOM for instance The planning for llicm has focused on administrative 
«ues m such nclMoiks. on the physical problems of creating communication 
systems that will link computers togctlici. and on the kinds of usage that such 
networks might satisfy Elut in all of this planning, there has been the explicit 
"ew that Uic nation's major umveisity leseardi Lbraiies are necessary 
components in an adeiiuately functioning system. An imporUnl issue, therefore, 
IS the role llial library automation can play in these developments of mecliamzed 
information retrieval scriices and national information networks 

It seems clear that each major icseatcli library, and especially the university 
library, potentially has a threefold icsponubiliiy 

1 As the agency for acquuiUonof data of high uidity. 

2 As the point of entry into the national networks 

3 As the point for assistance in the use of this form of data 

First, small but growing numbers of libraries arc already acqumng and using 
masneiic Upe data from a variety of sources For example, university libraries 
»fe receivuig. on a continuing basis, magnetic tape dau from the Bureau of the 
Census, the National Lbtary of Medicine, the Library of Congress. Chemical 
Abstracts Services, and numerous other sources. Many information tapes are 
immediate candidates for acquuitioo. covenng academic fields from the sciences 
*nd humanities to education and business adnunistration The fact is that 
iiagnetic tape is beconung as impotunt a form for support of research as the 
book and the journal-for certain purposes, an even more useful one. And the 
hbtary is a useful admimstrative organization for acquiring it. 

Second, whether or not the individual library itself acquires a given data base, 
availability of it from wherever it may be stored will require points of 
access-consoles, procedures, and programs, methods of communication and 
control. Although one can visualize the individual mvesligator sitting m his oira 
office and using his own console for commumcaUon to remote data bases (at 
other hbranes and at national tnformaUon centers), the realities-of economw. 
of the operatmg schedules and avadabic services at the remote points, of the 
sheer volume of daU processing and data transmission involved-all suggest that 
the vision will apply only to a lirmled number of investigators and a limited set 
of data bases. And yet. the library can provide a convenient administrative 
mechanism for access to national networks by other investigators. It already 
serves this function for the traditional pnnied material, it can maintain the 
Union catalogs and directones by which to locate the mechanized data as well, it 
has the procedural mechanisms to ask for it. it has its own needs to obtain such 
access, and it is now expenmenting with the operational reality of rapid 
communication so necessary for use of it 
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Finally, even though one can also visualize the “machine-aided search’ (as we 
shall discuss in the next chapter), the fact leraauis that the use of mechanized 
data bases is extremely complex, lequinng training not only in the methods of 
using machmeiy but ui the ways of formulating requests and of interpreting 
results There may be a limited number of investigators sufficiently informed 
and willing to work with new data bases, but for the bulk of researchers, 
technical assistance will be a necessity Fortunately , Ubianes and library schools 
ate now in the process of creating a new generation of librarians who will have 
the combmation of cepabdities required to provide such service, and practicing 
hbtanans can learn these techmques through the variety of workshops and 
symposia being given throughout the country * * 

The point, of course, is that the combination of lequiiements— for acquisition 
of data on a continuing basis, for cataloging of it, for providing economic access 
to it, and for aidmg in the use of it-all serve to make the libraiy a key agent ui 
providing mechanized information retrieval services Fuithermore. a crucial issue 
IS whether mechanized information teineval services are called for in a specific 
situation (then value, in general, seems self-evident and demonstrated by the 
ever growing number of mechanized data bases) There aie always alternative 
resources, most of which are a traditional part of Lbraiy service, and the 
librarian is m an ideal posiuon to evaluate their relative utility. 

In Uus connection, it must also be recognized that mechanized information 
services tcqutfe support from a great vanety of pnnted pubheauons. Refewnce 
data bases mvolve the use of thesauri which must be made available to the user, 
and they provide references to the pnmaiy bteratuie that the user wants The 
library is still ihe best agency to ensure the availability of that literature Even 
Uie numerical data bases require supporting services from the library. Maps and 
directories are essential to proper use of data letncved from mechanized files. 


THE “CENTER FOR INFORMATION SERVICES" 

But we are faced with some cnormwis pragmatic ptoblemS'CconomiC, 
administrative, technical To provide a framework within wluch to discuss them, 
consider a “Center for Infomuuon Services’* in the hbrary providing the 
mechamied services mvoivtd in using such data bases. Figure 19.8 presents a 
schematic of tcbuonships among the sources of data, the Center, and the 
researchers that it serves 

Such a Center, as an exunsion to normal Lbruy activities, would supplement 
both the media handled and the methods of operation. The usual library 

•* Sole cipccuUy Ih* ‘ MARCIi»tilulcs'*joDiUy iponsoied by the Libtiry ofContreu 
and Ihe InfortnsliOQ Science and Aulomsboii Dnuton of Ihe Amencan Library Assocuuon. 
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ripire 19^8 Schrmatic of infoimadoo ictvicta fiom national data baaea. 


functions ate those of acquisition, storage, cataloging, and nrculation The 
media presently include books, serials, nucroforms, and such special collections 
as manuscripts, incunabula, and archives. The Center for Information Services 
would emphasue the acquisition, storage, indexing, and dissemination of 
computet proccssiblc media, such as magnetic tapes. The emphasis on indexing 
rather than cataloging, dissemination rather than cireulation, brings out the 
special attributes of a computer based system. Thus, while circulation suggests a 
reader taking a book out of a library, dissemination includes both this and active 
transnuuion of the contents to a reader at a remote console Cataloging suggests 
the standard author, title, and subject guides Indexing includes not only these, 
but greater depth of detail as well, throu^ the ability of computer programs 
quickly to process vast amounts of data according to detailed and complex 
instructions In this respect, the Center must be able to process a great vanety of 
machme processiblc records Many of these are already in existence but others 
are not and therefore the emphasis must be placed not just on the utihzation of 
existing information retnevai programs Instead, the need is for a software 
capacity for processing a vanety of material. 

A Center of this kind therefore must have the following characteristics (1) It 
should be operational, designed to meet the daily needs of the community, and 
not simply a research system or an experiment (2) It should be a general 
purpose system able to satisfy a vanety of requests (3) It should be adaptable 
m order to meet needs not initially anticipated, incorporatmg a capability for 
monitoring the history of its own operation and for continually studymg that 
history to introduce improvements. (4) The ^stem should encourage increased 
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receptivity and use, with stress on educatioii of prospective users, design for easy 
use, and responsiveness to changes in use (5) The Center, as an administrative 
part of the library, should be designed so that library personnel can operate and 
provide the ongoing services of acqussitum, cataloging and indexing, storage, and 
dissemination of the matenal peculiar to it 

Physically the Center can be envisioned as a storage facility with a 
library-based computer, linked to a larger network computer which would 
provide connection to on-hne consoles Requests to the Center would be 
handled by library personnel who could decide whether to use traditional 
lesources, to use the hbrary-based computer, to use it in conjunction with the 
more powerful network computer, or to allow the user to conduct searches 
himself at his console connected to the laige-scale computet 

Because data bases stored elsewhere will also be important, the Center must 
be designed as a potential node in a computer-based information network 
Before the end of the next ten-year penod, computer networks and time sharing 
will have to become a normal educational tool and an operational aid to 
research Smce networks connecting vanous universities, research centers, and 
government agencies wUi require well-defined points of access, suitable for those 
not familiar with them as well as for those sophisticated with their use, the 
Center will occupy a particularly important role The library has been the 
traditional operational informational resource, and it should be natural to turn 
to It for the service we are considenng here. 

In summary, the concept of a Center for Information Services is engendered 
by the imperatives of modem information technology Us development will 
provide a supplement to the media and method of operation of the usual Lbraty 
and Will include creation of new policies and procedures, new relations to other 
organizations, and new forms of cooperation with other centers Emphasis must 
be placed on integrating a variety of data bases and programs The system must 
be operational, general purpose, adaptable, and designed to encourage easy use 
Organizationally the Center is viewed as an administrative part of the library 
Physically it is viewed as a storage and processing facility embedded m a large 
complex network of computers. 


THE PROBLEMS 

Since machine-readable data bases have been developed for a vanety of 
purposes outside those normally considered within the scope of the library, 
several problems are faced by the library in extending its scope to include 
acquiring such media, cataloging them, and providu^ “jnfonnation services” 
based on them. 

Some of the issues relate (o the ctmtent. Rliat kinds of matenal should the 
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libtaiy acquiie? Some of tlie luuct concern library pioccascs How do wc catalog 
magnetic tape matcruls? Some of tlie problems aie technological How do we 
provide man-iruchine communication^ Some of them arc administrative How 
do wc finance information services^ How do we fit them wiihm the traditional 
library structure? In 1 965. the Institute of Library Research of the University of 
California, under funding from the National Science Foundation, started a 
program to study these problems, with cmfdiasis on die following five questions. 

1 Are mechanized information services viable in themselves'’ 

2 Should the single university concern itself with acquisition of mech* 
anized data bases? 

3 iVhat types of data bases are of pardcufar importance for consideration 
in acquisition? 

4. Is the library the appropriate agency in the university to acquire 
nationally produced data bases and provide mechanized information services 
from them? 

5 VS’hat are the tcchnial problems mvolvcd in handling such data bases'* 


Viability 

The first question to be considered in deivloping mechanized information 
services is whether such a Center will be viable. Will it offer information services 
not otherwise available, and will there be suHiaent exploitation of the system to 
justify It? Will It justify the costs of acquiring and maintaining machine 
equipment and mechanized data bases? 

These are not idle questions Although most of the words of enthusiasts 
imply that these systems are indispensable it is not entirely clear that they are 
When considered by the library (which, presently, has clear limits on the funds it 
can allocate to the various functions in its domain), it is a very serious question 
whether the use of such a system will justify its installation. 

The costs of acquiring magnetic tape data bases vary from about S 10.000 per 
tape (if the library must key punch the data itselQ to £70 per tape (if it is 
acquired from a national source) It seems clear that the upper range of costs, 
involved in preparing large mfoimalion files, is great enough to preclude the 
library from mcuning them solely for lunited, local interest. However, the many 
large stores of information becoming available through national sources at the 
tower range of costs make it feasible to consider such services 

It is uncertain whether individuals will use a mechanized system As is true 
With any revolutionary concept, there u httle or no existing experience on which 
to predict future utilization As a result, no concrete data can be produced on 
which to project more than a minunal demand for mechamzed retneval services, 
beyond those needs met just as well by printed mdexes, on the other hand, 
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availabJity of usable services may well create demand beyond the wildest 
present expectation. In discussing the issue of demand, the enthusiasts will 
emphasize the presumed effects of a new technology and present arguments on 
what can, in principle, be done Those concerned with operation will emphasize 
the utility and quality of their present services The users, by and large, are 
either apathetic or tend to emphasize the deficiencies m the present library 
system and speculate wildly about potential capabibties of mechanization 
However, the general feeling seems to be that this kind of service is necessary 
and will be used more and more as the users are educated to its existence and 
potential 

The need for computerized information stores seems greater among those 
who need reference to factual data engineers, social scientists, and doctors— 
than among those whose research depends more on ideas expressed in the 
literature Where the compilation of data is as large as it is in the social sciences, 
for instance, computerization is the only means of tapping the store 

Some research is so closely associated with cunent directions that frequently 
identical work is done simultaneously Here delay is intolerable-if the 
experimenter cannot find his answer immediately, it will be easier and more 
satisfactory to duplicate the research itself Breakthroughs m the forefront of 
knowledge cannot wait for the mformation to make its way into the information 
system (nor does this kind of creatmly depend on matetial that la easily 
retrievable) Until such time as results are hied directly in the system, by-passing 
the lag of conventional publication and renew, the researcher ‘'in the forefront 
of discovery” will continue as he always has. On the other hand, a great amount 
of research is concerned with history, description, and exposition What might 
be called background research, whether it relates to a narrow or to a more 
general field systematic, exhaustive, histoncal. bibliographical research-lends 
Itself to machine searching. Research that leans on analyzing, synthesizing, 
cataloging, and organizing data may benefit and even come to depend on the 
rapid scan, search, and retrieval from the large machine-readable files which 
computers make possible It is this last kind of activity that has provided the 
pressure for creation of information analysis centers and that probably 
represents the primary service of a Center for Information Services. 


Acquisition versus Use of National Networks 

The local acquisition of data bases is, of couise, not the only alternative 
available In fact, the implication of all of the present planning for information 
networks is that remote access to data bases will eliminate the need for local 
acquisition "W^l the umversity attempt to acquire machine readable tapes that 
could contribute to academic research, or will it depend on outside agencies for 
service’ Will it participate m some form of roecharuzed “information rwtworkl” 
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U seems, however. Uut umvcrsily research libraries must consider llie 
acquisilion and manipulation of many mcchaniied mformation stores, as well as 
the use of outside agencies and parlsapation m networks of information «n‘«s. 
First, allhougli a central storehouse a promoted by some, it seems clear that at 
some level of activity the single point wiU become uturated and dcccnlraliration 
must be effected. As a result, the prospect for the future indi«tes lha a 
national network system incorporating many separate, mechanized Infomation 
stores will exist willun ten years University libraries wilJi reputations as centers 
of excellence" sliould be expected to continue their leadcislup m the transfer of 
information even as tlial transfer becomes more and more mechanized. It seems 
reasonable that network centers will gravitate to already recognized centers of 


excellence Therefore, it is logical to assume 


that established campus ’‘nodes" 


will acquire magnetic tape data bases and will serve as regional centers u 
nationwide system . . ..... 

Second, even before a national mechanized network becomes an aauahly. 
single, mission oriented systems ate being developed at umvcrsilies. ** 
economy in basing computer retrieval systems on mission-onented tasks of 
cntical size, matching current needs It wdl be more signiHcant to convert, 
combine, and extend cunently operational systems than to create.i/enoio.t^ 
ultimate complete nationwide network The tcsull.ng system would then ^ 
reliable enough to convince the user that this new tool wou d help ^m. It seenu 
hkcly that an initial service of a university Center for Information devices 
would then be a directory of machine manipulabic information- where it is, and 
what programs are available to tap it This extension of a traditional library 
function (of umon lists and interhbrary loan) wdl be necessary no matter how 
complete and complex the campus holdings ,n themselves may grow, since 
mechanized services should exploit national sources in networks and olherlarge 
centers , . . 

Third, It is realistic to consider that even when a network is in operation, data 
bases of high utility and high frequency of use wiU be acquired and stored at 
mdividua! university campuses. Admittedly, many of the largest files cannot be 
used outside their own systems. For example, the Science 

and the Biological Abstracts Scicocc Information Center (BASIC) feel that 
searching at present must be done by their own staffs. On the other hand, the 
Ciranon Index files of the InsUtute for Scientific Information have been 
formatted with the expectation of their being purchased and used by others 
Chemical Abstracts Service » markcUng its Upes, as well as the prmted 
versions of Oiemical Abstracts Other daU files, in rather rigid forrnats, are 
readily usable, and research progicsses-exeroplified by the Library of Congress 
MARC project- to develop formatted mformition files for wide scale use 

This illustrates one of the primary difficulties in planning a Center for 
Information Semces-the variety of the matcnals that it must handle What can 
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and must be done is to anticipate the problems they represent and experiment 
with solutions for them EventuaUy, of course, networks will have great impact 
on standardization of data structures, representing a crystallization phenomenon 
like the droppmg of a crystal mto a supersaturated solution Once somethmg 
exists, people will tend to thmk about developing the system they are dreaming 
about in terms of compatibility with the operabonal system Already the effects 
of such crystallization can he seen in the increasing acceptance of LC’s MARC II 
format as a standard 


Content 

The content of the tapes to be acquired by the library demands careful 
analysis As we have indicated, in geneial, the followmg three kinds of 
information are bemg recorded in machme readable form 

Numencal Data. This kind of data can be very tightly formatted, so that 
searching can be done on fixed fields Examples of such files are those 
containing records of the Census Bureau (Figure 19 9).'^ of hospitals, of 
engineering properties The social scientists are strong in their feelings of the 
desuabibty~even necessity- for available numencal data banks. There already 
exists a National Council of Social Sciences Data Archives to represent their 
needs These are collections oC data fiom academic, commercial, and govern- 
mental sources, which include sociological, histoncal, political, and geographical 
information, primarily gathered by survey and poll The ability to manipulate 
this sort of information is giving a forward thrust to social science research 
Reference. Reference data bases constitute a relatively new growing body of 
information They exist pnmanly to tell where information can be found, they 
are the tools of the bibliographic trade. 

They might, theiefore, be labeled descriptive files, since they attempt to 
characterize a primary text in some way-by title, by descriptor, by abstract, or 
by all three. The descriptors and abstracts may be contnbuted manually or by 
machine techniques But, m any case, there is an attempt not only to describe 
the content of the text but also to recognize future uses of it. Examples of this 
sort of computenzed infonnatjon aie the Medlars tapes (Figure 9 15), the 
Library of Congress MARC tapes (Figure 9.14), Chemcal Abstracts tapes, and 
Biological Abstracts tapes Most of these tapes are part of large information 
systems which mclude other kinds of data bases as well. For example, CAS 
maintams a registry of chemical compounds, lOusuated m Figure 19.10. 

As a class of data bases, they share many features in common beyond just the 
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FILE A Th* fil* It compoud of LD. and 
block fioup lummary iccoiJ*. 
Th* tequenc* of Ih* fil* It tD 
and/or block poup, wilhin 
eouniy, within sui* titock 
troupt ipUt by MCO bouodatlet 
ar* iho«>n upaialcly foe each 
part. ^Dlock pouM^can b* 


SmcuI Technical Comlitioiu A^ecting Uie 

^Tape. 

Tape Width ....Hinch 

ReclSiU ...lOH Inch diameter' max 
imuro 7400 feet 

Rtconling Dentity (CTl) . . . S$6 

Ltipcal Kecoid Sue 3,S40 chatacteit 

(Four 960 chuacler 

blocki) per record for each 
block poup. LD, or other 
lummary area 


FILEB The fU* contiatt of aumRiaiy 
ueordt for th* Slat*, each 
county, each MCO. each MCO 
place tuial, and etch Conpet- 
iional Oiitiici Th* r«eocdi u* 
preunied in four Mtmcntt. 


I. Slat* Total Suinmary ~ Not* 
QecauM Otn* County i* th* 
larpti f« 0 (ttphie unit for 
which data V* ubulaied.autn* 
mary total* for Oan* County 
ara lubatiiuied for all Wbeon- 
(in Stale aummarict 



MCO place within Slat* (Not*. 
Only Dan* County compo- 
nentt ir* tabulated for Wucon- 


Dan* County total* f 


3. Place Total Summary Record* 


4. Conpessional DistncI Sum- 
mary Record! — (Only on* CD 
in Dan. County ) 

NOTE For the teet tape only, the ItaoflUs 
are merged onto a single reel 


BlocfcSue b60 chpacler block* tub* 

di»ded into 8 tub block* 
of 170 chv»ct«r* etch 

Sue of D*t* Fuld . . > Cenirally 8 char- 
actera Some 16 character 
field* txui and are idtnti- 
(Md 


FileSue . 


. .(For the lett reel ihet* fUea 
ate contained on a tinal* 
reel). 

I lie A - Approximately 

400 to 600 logical 
record* per tape 


. .BCD character* m 8 
character group* A limited 
tet i* used Se* User Guide 
appendix “1 107 Program- 


See User Guide Appendix 


TAPE COST: The < 


OciCDinaTnmioTi pi’’ 


of tape It $70 00 Tht* fee includes the c 
the cost of copying, handling, postage 


If ^ou wish to purchase this test reel and doeumenlatton, please fill out the i 


rverae side of 
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purpose for which they are created, nie fact that printed materials often have 
more than one author, that each document is Ascribed by a varying number of 
subject headings, and so on, have led to charactenstic variable length records, 
individual fields themselves being repeated and variable in length. 

Figure 19.10 Compound register data sheet 


Mf « C^Hs^sS 

PINH * t-Tnazolo| 3,4-A] ( 1 .3.4} thiadiazote. 
6-am>no-3 methyl- 

PINTM • preparation and spectnun of 
ID « 2S16C-2 

T/R * S91556N 


Text Files that have major portions of text in them can be used to provide 
automatic retrieval from the textual matenal. Such files run the gamut from 
short abstracts with a single small body of text, through report forms with 
several fued fields and multiple short bodies of text, to full-blown large quantity 
complete text. 

The abstract, illustrated in Figure 19.11. is the amplest kind of textual file 
An abstract in a "reference” data base offers advantages that mere subject 
heading indexing cannot offer, as an aid in choosing the desired document. On 
the other hand, an abstiaa will usually occupy as much as ten times the space 
required for the citation and its associated index terms Its "cost/effectiveness” 
is therefore open to question. 

Recently, as the storage capacity in computer files has been increased, it has 
become feasible to record complete text. Texts hitherto available have been 
painstakingly and expensively key-punched, but as input devices are improved 
and as more and more journals employ computer-aided composition, increasing 
suppLes of full text materials will be available For example, the Journal of 
Chemical Documentation (JCD) (Figures 19.12 and 19 13), published by the 
Amencan Chemical Society (AC^, a devoted to information retrieval problems 
in chemistry and related sciences In 1966 the ACS undertook production of 
JCD by a computer-dnven Photon 200. By the end of 1966, almost 100 articles 
were printed in this fashion The number b expected to nse considerably in the 
future and, by the end of 1968, 500 to 600 articles will have been pubhshed 
Eventually the ACS will publish other journals with the same technique. 

NVith this wealth of matenal for the future, how is the library to choose'^ It 
will be an expensive even if imperative addition to the acquisition program. In 
the cases where the computetued matenal duplicates published material, what 
should be the criterion for KlecUon-or is there a case for duplication? Will a 
source of information that is httle used in book form perhaps justify the roughly 
comparable cost of being acquaed on tapes because they may be more usefuUy 
and productively searched by machine than by hand? 



TTj# PtuMems 7DS 






Computcr'Aidcd Tjpescltinc for the Journal 
of Chemual Documentation 
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acquisition, storage, indexing, and dissemination of computer processible media, 
sudi as magnetic tapes A Center for Information Services is therefore a natural 
extension to normal library activities However, because large-scale mechanized 
information services imply sophisticated computet systems, the question has 
been raised as to whether the bbtary can provide adequately trained personnel 
Although hbtanans are being educated (both m schools and on the job) to be 
more knowledgeable about modem machine handling, some people feel that 
computing-facility personnel could absorb mformation-handling techniques 
more easily than hbratians could learn computer techniques Others have 
pomted out that the issue is not meicly one of machine operation but rather of 
man-machme communication They feel that formulatmg requests to a computer 
for a search program requires an expertise in serving mformational needs which 
IS outside the usual mterest of programmers and operators in the computing 
center Figure 19 14 hsts some of the pros and cons concerning the desireabihty 
of providing mechanized information services as extensions of library service 

Financial Issues 

In financial planning, consideration must be given to three areas of cost 
(equipment, personnel, and acquisitions) and three sources of funding (regular 
library budget, special project budgets, and a “community service” budget) 
Figure 19 IS presents a hypothetical, but representative budget. 

Library Budget. First, funding for personnel and library equipment m a 
Center for Information Services, since it is an operational part of the library, 
might be built into the regular library budget (although binding for the library’s 
computer and at least some of its remote terminals may be handled as part of 
the capital costs of a library building program) The equipment specifications 
outlined later in this chapter arc designed to produce an operation that will be 
economicaUy viable and not represent a burden on the Lbrary’s budget They 
therefore assume that the CIS computer is predominantly a service computer to 
the hbrary. As such, its costs should be completely covered by the hbrary s 
budget, with the CIS being simply one of the functions served. Many of the 
personnel, particularly those in the acquisitions, cataloging, and reference staff, 
will already be in regularly budgeted poations and the CIS will merely be a 
service added to those they now provide Library systems staff ought to be part 
of the regularly budgeted staff of any large hbrary, regardless of whether or not 
a CIS is involved Operating staff for the library’s computing facility must 
already be considered as part of the operating budget if the library is to 
mecharuze any of its clerical processes 

Special Proiects Budgeti. Second, ruoduig for petswinel and equipment 
needed to serve the needs of special projects should be funded by them. In 
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pitlicuhr. Uie existence of the CIS is likely to stimulste the establishment of a 
variety of infonnalion centers which will Jepcnil upon il for services Their 
budgets should cover then own costs for information specialists, remote 
terminals, large scale direct access stores, and the use of the campus computer. 
The services of the CIS would still be covered by the bbraiy’s budget, provided 
the degree of utdization-mcludmg such special piojects-falls within the 
capacity of the CIS If the degree of utdiatioa exceeds the planned capacity of 
the CIS, consideration might then be given to establishment of a direct cost for 
utilization of CIS beyond a dcHncd maximum level In this way, a faedity larger 
than needed for Lbrary processes, but required by a greater CIS load, could be 
funded by special project charges 

Co/nmumty Sen ice Budget Thud, the methods of Itnancing which basically 
regard the CIS as a university funded extension of the library will only be 
adequate to provide services to the single campus-its faculty, its students, and 
Its own specially funded projects The costs of serving larger communities, 
including participation in computer based uiforiiution networks, are an entirely 
different matter Such networks may pbee a burden upon the individual 
institution completely beyond its flnancial apacity. The present pattern of 
inter library loans provides an analogy Although there is a presumption of 
reciprocity in the existing interhbrary loan systems, it is well known that larger 
uniivrsiiy libraries lend significantly more than they borrow. The resulting 
inequities ate generally ignored, since the total traffic, and thus the cost to any 
individual library, is of a size that can be absorbed in the interest of the general 
welfare The effects of a national network may not change the general pattern of 
such services, but they will substantially mcrease the tralHc. Thus the uruveisity 
with a wealth of resources may find its costs skyrocyeUng to the point where 
they cannot be absorbed For this reason it is imperative that mechanisms for 
resolving these inequities be defined. Payments based on the number of requests 
processed would recognize that the well-endowed universities are providing more 
than Simply content-whether books or data bases; they are providing services to 
check the validity of the request and to determine its availabihty as well as 
processing services On the other hand, payment based on the number of 
requests satisfied would recognize actual value received 

In some cases, contractual arrangements with federal agenaes may be used to 
cover the costs of services provided by the centers of excellence and make it 
possible to avoid pricing of individual seraces (the Regional Medical Libranes, 
funded by the National Library of Medicme, representing a case in point) In 
other cases, reimbursement of costs may be treated as a burden on the general 
network Finally, iiparfy for multiparty) contracts may prowde for a mutually 
acceptable basis for equalization 
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PRO CON 

ISSUE THE PURPOSE OF THE UBRARY AS AN INSTITUTION 


As a general principle, the libiaiy u the 
permanent agency of the umversity com- 
missioned to collect, systematiae and dis- 
semiaau recorded Ieroh ledge to the 
academic community This it does, exclu- 
sively and on a continuing basis 

Magnetic tape, although a new medium of 
mformation, u certainly well wittua this 
general scope, just as microforms, slides, and 
phOnotecords are 

Furihetmore. if the hbrary is regarded not 
merely as the npository of the word, but 
as (he agency chiefly involved in the transfer 
of infonndlion from the producer to the 
user, the case fot adding information on 
tns^etic tapes is strengthened, because of 
the ease with which it can be processed 


The modern library developed as the histor- 
ical coocomitant to the ascendancy of the 
book, from which it even denves its name 
It stores anything else With difficulty, and 
only by treating it tike books (Senals and 
pamphlets are bound like books, and micro- 
fotins ate miniaturized printed dociunerifr ) 

There is no mherent reason why, as a 
general piuiciple. the library should he 
reqioosible for all foimi of recorded know- 
ledge, for example, an Academic Com- 
muiiKaUons Facility u the agency on some 
campuses designated to acquire and du- 
semirute instructional films, which it may 
do at least as wed as the hbraiy could 


ISSUE THE NATURE OF THK PARTICULAR MEDIUM 


Infoimaeon in « machine-readable format 
does not exist in recuo, but bears an otgaiuc 
relationship to the traditional fonns of 
recorded knou ledge 

(a) Some tapes contain the full text of 
printed documents already to be 
found m the library 

fb) Other tapes provide reference and 
bibbogtaphic information to assist the 
patron m usmg the traditional male 

(c) Libranes, informauon centers and 
publishing houses ate foreraost aaioog 
the organizations creating data bases 
01 supplying services from them 

(d) In view of these factors, it appears that 
most large special bbiaiies wiU develop 
this side of their activities, if only 
because they see themselves among die 
pnmary users 


Essential to the use of magnetic tapes are 
the computer and a staff of people trained 
in programming and machine use If some 
central computing facility on the campus u 
used, the bbruy will be dependent upon the 
eCTicieocy and cooperative spirit of that 
faculty The hbrary might be m the positron 
of telbns its patrons that this or that range 
of services is available, only for the patron 
to find that they are not 


A second feature of magnetic tape data 
bases which « not found m any of the 
bbtaiy's 'uadihonal' records is the dynamic 
nature of die medium Additions to the filo 
cotoe. not only as a fiesh issue in a series of 
issues, but as changes in the file itself as 
well Apart from ihe programming rarks 
fMeseen m the updating of files, the hbrary 
wdl become responsible for the security the 
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PRO 


U) PUcini th« Upci unJ«r |hc wpcrviuon 
of the libtuUn wiU enable him to 
deploy the printed colleclion vkilb the 
Upei, to evaluate bettei the itUlj** 
muiti of ijpci, and to direct the 
borto«er to the best source fot hii 
information needs-tapei or prtnicd 
documentx. 


CON 


etUTtney. the manipulation, and pethaps also 
fot the formatting and reformatting of the 
mfonnaiion on these very complex fiics 


issue. THE QUAUFICATIONS AND DCPCRTISC REQUIRED TO PERFORM 
THIS SERVICE 


The library u a specialist organuatioo 
'thoSy dedicated to the problems of i«> 
corded uiformation The 3 euential pro- 
ctuet-(l) obtaining the records. <2) 
lytlemaluing them, and (3) making them 
avaitablo-form the very lines of its organlt* 
ational structure (AcRuiaitions, Cataloging, 
and Circulation or Reference). These will 
be as necessary if the university acduues 
magnetic tapes (whoever may be made 
tesponuble for them) as they are fot books, 
scnals, etc The basic expertise, however, is 
the same, and the library already possesses 


Naturally some special training will be 
necessary, but librarier generally are now 
beginning to benefls from the intioducllon. 
some years ago. of data processing and 
informxtioo letrievaJ classes into the likrary 
school cumculum 

The dynamic nature of magnetic tape files 
has been adduced as a debit for the library- 
it may equally be seen as a credit, since the 
library alone has had many years of experi- 
ence in the technical and administrauve 
aspects of serials control 


. Far from the library being structured to 
handled ‘'recorded information.” Its acquiu. 
lion procedures are built around the print* 
publishing induilry, its cataloging lech- 
na)ucs around the ungle-subjecf monograph 
and its pubbe services around the ailribulei 
of portabibty and lepbibly 

The processing of machine readable data 
bases requires totally new skills not pre»- 
eoUy to be found within the library For the 
operation of the hardware itself, people 
with a derailed knowledge of both hardware 
and software are indispenubte Even if tins 
aspect IS controlled by the campus comput- 
ing facdily, there ate still many specialised 
tasks requiring computer programmers, 
system analysts, and staff trained in logic, 
slali'tics or struclutal linguistics, and of 
course information science as a separate 
discipline Suddenly to expect bbtatians to 
be tamibai with terms like “Boolean opera 
turns, codes, search slialepes, compileis''-to 
talce only Uie software side-is unrealistic, 
especially in view of the content of Lbiaiy 
education in the past and the composition 
of Its personnel To overcome such diffi- 
culties will take more than a “quickie" 
course of instruction for existing bbtaiy 
staff-it will take pethaps a decade more of 
iDteDsne itauimg in library schools 
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CON 


PRO 

ISSUE REQUIREMENTS OF SPACE AND PHY SICAL FACILITIES 


The libiary is a pemanent campus body, 
basing Its ov>n physical facilities and ptoce 
dutes foi the maintenance of ih« foMec- 
trons. ItislAe^rtiutOKl/lrra/y'sconipiitei 
can be utilized for C 1 S processing tasks, 
thus helping to justify costs 


To locate tapes in the libtaiy uould require 
tetnpeiaiuie control, humidity control, 
separate tape cabinets and other dmces 

There would be no point in having any tapes 
stored in the library if the computet on 
which they ate to be processed is elsewhere 
Even if all these special faciliues were to be 
j set up in the library, they would only add to 
I the esuUng problemi of overcrowding 


ISSUE ADMINISTRATION 


The library usually u a well administeted 
oiguiization, with a history of perforiDance 
and dependability. It possesses the admio* 
iitiative mechanisms, the personnel, and the 
proven Daca) stability In contrast (o many 
computing facilities and 'audiovisual media 
MAtus” which often do not know fiom 
year to year the precise extent or souicea of 
their funding, the bbiary is not a grant- 
supported. or a temporary, or an expert- 
mental operation-it is permanent, stable 
andenicient 


Adminisiiatavely. libraries are already overly 
large buteauctacies. Addmg to them another 
major actmiy would simply burden them 
further Also, the library bu always been a 
conservative organuation, relatively slow to 
change H la not reasonable to expect it to 
handle such a radical shift ut adminisuatioti 
. needs. 


ISSUE COST 


Since the library already has the osearuza 
tion, the personnel and the expertise to 
provide information services on a wbole- 
campua bans, it will be cheaper to handle 
magnehc taper using there existing facititwe 
than either 

(a) Using any other campus body 
I'fthich'’), or 


U B by no means cVeas that a systematic 
acquisilion program which operates m 
advance of any stated demand is the best 
way to approach the costly business of 
acquiring daia bases Atf hoc acquisition 
might make individual items more expen- 
arve. but a could be vastly cheaper in totaL 
In thoK cases where the tapes are not 
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PRO 

(b) Atliplinf any other campul body to 
thu function, or 

(c> Cnatins a complete new agency 

-il itobviouj that the lait alternative wouU 
umply add cnormouily to the dcvclof^ 
mental and operational cotta uiUioul any 
guarantee of a competent and conluuiuig 
service aftciwardi. lire bbtarun haa devel- 
oped wotbing rclalioni with depatlmenci 
<e t via the faoilty bbtary commutee>> by 
vshich to resolve the probtema of tOocaiion 
of flnanual tesoutcea among varioui campus 
nceda for bbtary maietlala. 


TON 

available for purchase, but for rent or 
remote contultaiion only, compbeated 
service agriemenli ate called for often 
entailing iisuet of copyright the fewer of 
(itese that the library has to become in- 
volved in. the better 

The bbrary’a budget it abeady scrioutJy 
Mtained, and there are gtoundt to wonder 
whetlict It could bear the huge bicreaset 
needed for the acciutution of data baser A 
Kparate agency with iia own funding might 
prove mote efficient, even including the 
immediate capital outlay for iti creation 
I utlhennoie. the allocation of fundi among 
tlio many competing rubjeci interests it 
already a difficult enough problem without 
adding these data basei. which cuitomvily 
cost hunJrtda or even thouunds of dollars 
each 


ISSUE OFF-CAMfUS SERVICE 


The bbrary long ago accepted that il had a 
responsibility lo ofT-campus users, and has 
developed a set of reasonable guidelines as 
to the extent of that rciponsibibty One 
thing IS certain whatever problems (he 
bbtary would have to face arising from (he 
possession of data bases, no othei campus 
agency has a fiaclion of its administrative 
and professional capacity to deaf with off* 
campus use. and any other agency would 
therefore confront an extra probtem over 
and above the considerable task of serving 
the whole campus 


There are many very serious problems 

(a) The bbiaiy is finding its existing rate 
of off-campus service something of a 
burden With data bases, theii scarcity 
and sophistication will ensure that the 
off-campus demand wiU nse 

(b) Paid outside user demand is usually 
satisfied at the expense of ongoing 
campus services and campus users If 
industrial and business firms have paid 
for a lervice they are in a position to 
demand pnoiily, and this creates a 
strain on the regular ongoing library 

(c) The general pubbe may well consider 
that they have the absolute right to 
ffee access to the census (and other 
government products) and a tax- 
supported institution might find it 
hard to charge for costly service 
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Figute 19.14 (eontiflueJ) 

PRO CON 

ISSUE TIMING 


Although certain questions of the extent of 
library mvolveinent may stand unresolved, it 
is plain that it the library does not take the i 
mitiative at this point, then all this new ' 
mechanized activity wiU inevitably flow 
round the library and it will be reduced to 
the role of a Wind of housuig facility for 
humanities literature, while the sciences and 
the social sciences will come to depend 
basically on another type of facility located 
elsewhere, completely outside of and 
unrelated to the traditional Lbrary 

By 1969 there were about 100 major data 
bases available, many of them reference and 
bibliographic in nature, and the U S Census 
of 1970 will Itself demand a response from 
the bbiaty-so the tuning ts already very 
close run Tactical problems can be attacked 
at they develop, but there is no doubt of the 
larger itaie of whether or not data bases will 
be used-the library itself will be among the 
hemiest users, with MARC tapes already 
becoming essential tools m the Library 


Before the bbtaiy becomes involved in a 
computerized information scheme it should 

give top pciortty to mechanizing its ongoing 

daily bread and butter operations such as 
Acquisitions, Cuculauon and Serials This is 
a major effort which will require complete 
atlentioo of all existing library staff, depart- 
meots and the Library Systems staff, and 
the bbiaiy can ill afford to have their 
I atientioa diverted into the infoimation 
aspect which would be possible and piofit 
able only as a subsequent development 

It has been pointed out that the rapidly 
changing computet technology may leave 
the bbiary with a heavy investment in a lot 
of obsolescent data bases For example, in 
the last four years the density of the 
magnetic suvctuies on these tapes has 
changed three times Each change requires a 
large reprogramming effort and reinvest- 
ment in equipment 


Acquiitnont Budget The costs of acquisitions represent a particularly 
difficult and touchy issue A rough estimate of the cost of magnetic tape data 
bases, considering the data bases studied, seems to be about SSOO per tape (each 
containing up to 20 million characters) A single campus CIS might reasonably 
acquire, over its first five years of operafioci, about 2000 tapes (an average of 
400 each year at an estimated annual cost of $200,000) As a percentage of the 
book budget of a large uruveisity hbrary, this does not seem to be excessive, and 
in fact viewed in terms of “characters per dollar'’ it is comparable with books 
and senals (about 40^)00 characters per dollar in each case) However, such a 
quantitative picture fads to recognize the difTiculties that the ‘ book budget” 
represents, and it would require an espeaajjy courageous and far-seeing 
university hbianan to commit 10 to 20 percent of his book budget to this form 
of acquisition (at least, without a clear demand font on the part of his faculty) 
Therefore, although eventuahy the costs of magnetic tape data bases should be a 
part of the library’s budget for acqinssUon. mtUally some other special sources of 
funds should be a necessity. In many cases, the budgets of special projects might 
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include funds to cover acquisition of magnetic tape data bases, in other cases, a 
separate commitment of univeruty funds may be necessary 


Technical Issues 

Several technical issues must be considered. How should the great variety of 
formats and operating programs impbcit in the acquisition of a number of data 
bases be handled? Should the data be stored in direct access stores or on tapes'^ 
Vfhat functions should be served by the Iibraiy and what by the computing 
facility? 

1 The issue of the variety of matenals As discussed earlier, it constitutes 
one of the pnmary difficulties m planning future networks But it exists even at 
the level of the smgle campus uifomiation service If a library acquires 20 
different data bases, should it also acquire and use the 500 or more operating 
programs associated With them? Studies indicate that the answer is no The 
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logistic problem ts too great m handling and controlling this many programs, the 
problems of system compatibility are almost unresolvable A second alternative 
IS the conversion of acquired data bases to a standard, common format Again, 
studies indicate that the answer is that too much data cannot be so reduced and 
would be lost A third alternative is the definition of a single set of 
“task-onented,” generalized programs capable of performing a defined set of 
tasks on a wide range of data bases It is this alternative that we shall explore in 
more detail. 

2 The issue of direct access stance versus tape storage Studies indicate 
that library use of these mechanized information stores must be based on tape 
storage, with scheduled batch processing The retrieved data resulting from such 
batch operation may then be stored in direct access files for utilization by the 
requester himself. However, there has been a strong belief that only on-line, 
direct access was noithy of consideration, (hat only imaginative, creative uses of 
data bases would provide a vabd rationale for acquisition of them, and that such 
uses will not develop in a pedestnan environment of batch access to the data 
3 The issue of appropriate division of function between the library and the 

computing facility Tlus issue is particularly germane The library has functions 
analogous to the traditional ones of acquisition, catajopng, storage, and service 
As such, then role becomes one of assuring the ready availability of the desired 
data The use of that data, once it is made available, can best be made directly 
through the computing facility. Under these conditions, the access to the stored 
data bases must be accompanied by technical advice from the bbrary staff It is 
expected that the librarian will help to determme for each inquiry how the 
answer is best found This may be by reference to traditional printed sources or 
by searching library held tapes. The tape search itself might be best conducted 
on the library’s own computer or it might requue the larger facilities of the 
computing network. If necessary, the Lbranan must be able to direct the 
investigator to remote systems that can be entered through telecommumcation 
links 

Now let us examine tliese technKal problems m detail, considering both 
library issues and computer issues, 

CATALOGING MAGNETIC TAPE DATA BASES' ’’ 

The cataloging of magnetic tapes oflers some unique problems to Ubrartes. 
These tapes differ from printed materials and microforms m that the 
information on a given physical reel can be erased, copied onto another reel, or 

’ Troutdiin, Join. •’Slandardi fo* Catalogmg of Mignelic Tape Material ” Part 4 of the 
ruul Report on Mechanized tnfarmaeum Service* m ihe Unnersity Library Los Angeles 
InsUtule of Library Research, December IS, 1967 
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sloicd in otlicr tnachmcable fomis (for example, on disk or drum) Magnetic 
tapes for information interchange do not contain the equivalent of a title page, 
and the visible tape label is often scant identification Tlicreforc. most of the 
information used for cataloging must be taken from associated documentation, 
from sample piintouts, and from progiammen or others working with the files 

Tlieie arc three requirements for the records that must be kept of magnetic 
tapes (l)Therc IS the catalog record which will be used in the library Thismust 
identify the tapes, indicate what type of information is on them and what is 
retrievable under a given programming system, and refer to other matenals 
Vrhich must be utilized in order to formulate a search strategy. This record 
should also indicate associated data and ptograms. refer to other system files (for 
example, vocabulary and cross references tapes), and provide reference to 
detailed documentation of format (2)Thcie aie the operational records to be 
kept by the data processing factliiy. These ate concerned with physical handling, 
updating, and keeping track of the current status of each physical reel, and 
include all tapes utilized by the facility. (3) There is the complete and detailed 
documentation as to the formal (length of each field, field identification codes, 
and the like), whicli would be suppbed by the issuing agency and be utilized by 
programmers 

Although these records ate in many ways intcirelaied. the one of most 
importance to the library is the first type indicated the catalog to be used m the 
libiaty A possible standard catalog form is shown m Figure 19 16 Its use is 
discussed in detail in the Appendix to this chapter, including several illustrative 
examples 

It IS anticipated that at a Center for Information Services a reference librarian 
Will serve as the primary point of contact between the patron and the computer 
That IS, on receiving a reference request, the librarian will decide whether that 
question could best be answered throu^ conventional reference services or 
through a machine search of one of the magnetic tape files The catalog record 
of those files, then, must serve certain functions. 


Conventional Requirements 

Fust, It must be a conventional and approachable record of holdings This 
Would include entry, title, date, a brief description, a serials holding record 
where appbcable, and subject analysis 

Entry and Title. The Anglo-American Cataloging Rules (American Library 
Association, Chicago, 1967) would be appropriate for both choice and form of 
entry, and the use of those rules, although not always insuring consistency from 
place to place in the handling of magnetic tape, would go a long way toward 
doing so In the title statement (or entry under title as in the case of certain 



Figure 19 16 Standard catalog form for magnetic tapes 
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CALU No 


BRIEF DESCRIPTION 


MAJOR SUBJECT AREAS 


FIELDSOFDATA 


Computer 
Bit Density 
Tracks, Panty 
Filename 
Tape Ubel 


^ Recording mode, 
^ Record format . 
^ Record length 
_ Block length 


File sue Tape reels _________ Logical records 

Increment/yr Tape teeli Logical records 

Pile organualion - 
Copying restnctions 
Holdings — 


RELATED FILES 


MATERIALS RELATING TO SEARCH 
FORMULATION 


PROGRAMS FOR UTILIZATION 
OF DATA 


POR MORE INFORMATION. 
DOCUMENTATION 
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scnah and the like), a distinction must be made between two ‘•types*’ of tape 
files those that icptcsent oiiginal iccords.and those that leprcscnt transcription 
of printed sources The latter will ha« a title corresponding to the printed 
material (for example. Jounul o/Oiwncd Doiviiiciilation) and can be listed 
accordin^y However, a problem aiiscs with “original tape files m that many of 
them are issued wiilioul a clear-cut title designation For example, documenta- 
tion from the American l*elroleum Institute refers to its ’ master document tape 
file”, the Bonneville 1‘ower Aulhoiiiy tefets to the '•Abstract file”. Nation^ 
Lbtary of Medicine (MEDbNRS) tefert to the CCF (Compressed Citation File). 
General Electric Flight Propulsion Division refers to its ‘ Uniterm Master Tape, 
and project URB/\NDOC refers to its •‘master file ” Such tapes, though issued 
serially, would be entered under the corporate body (Rule 6IJ), since that name 
IS required for adequate identification of them In addition, a title that nught 
better identify or describe the conicnli of such tapes should probably be 
assigned For example, the NUI tapes arc commonly referred 
name •‘MEDLARS.” Simdatly, files issued by projects MARC and URBANUOL 
have become best known by those names. Assigned titles would be enclosed in 
brackets 

Dale The date of issuance of a file should be given Many tapes wdJ be issued 

serially Tlius the date would be that of the first reel or portion of a reel 

Brief DcicnptioiL A field has been allotted for a brief description of ea^ 
•ape file, roughly conespondmg to the types of statements that would be 
included m informal notes For example, the desenption might include an 
extended subtitle, or deal with such items as claiificalion of title, contents, or 
date (if the date of issuance varies significantly from the penod covered by the 
contents), or correlation of the tape file with pubbshed (printed) material for 
example MEDLARS Condensed Citation File and Index Medicus. For serials, a 
staiement as to the basis of issuance sliould be included Some confusion might 
arise here because some tapes wiU be “serials” m that they wdl be issued 
penodically, while others will actually be transaiptions of pubbshed periodicals 
Care must be taken not to confuse the basis of issuance of the published serial 
with that of the tape itself. Two more items included in this field, where 
applicable, are {l)the name of the agency that actually created (that is. 
programmed) the file, if it is not under its Utle. and (2) the beginning date of the 
pnnted form of a senal that is bemg issued m itiachineable form. 

Holdinss For tapes that are tianscnptions of published penodicals. volume 
numbers and dale designations can be given For files original to tape form, 
holdings can be indicated by date. Detailed (that is. weekly or monthly) records 
Will not be included here, but will be kept elsewhere 
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Subject Cataloging Another requirement would be subject cataloging of the 
tapes For bibliographic and index files, this presents certain problems For 
example, NASA mdex tapes cover hundreds of subjects ranging from “manage- 
ment planning” to “information rctncval” to “infrared astronomy ” Obviously, 
a visible, nonautomated catalog cannot economically hst all of these approaches. 
Here the librarian has an added help, however, in that bibliographic tape files 
usually have a corresponding printed thesaurus of terms (subjects) that are 
covered These thesaun could be shelved near the reference desk and be used (by 
hbranan and patron) as an aid in deterrruiung which files would yield the most 
appropriate answer to a given request. There is. however, still the need for a 
general characterization of subject— “Medical Bibliography” for MEDLARS, or 
“Educational Research” for ERIC, etc Since a wide range of subject matter will 
be available on magnetic tapes, much of it corresponding to printed material, 
and since the CIS will be in a umversity hbraiy, use of the Library of Congress 
List of Subject Headings seems feasible at this tune 

Qassiflcation and Numbering The last “conventional” aspect to the 
cataloging of magnetic tape files is the assignment of a “call number” that is, a 
number that will uniquely identify each file, if there is more than one /I/e on a 
physical tape reel, then each file will have its own call number Conversely, one 
file can span several reels and, in this case, each reel will be further identified by 
the portion of the file it contains This division will usually be by date, although 
other divisions (for example, alphabetically by subject) are possible 

As a means of categorizing the files and relating them to other library 
materials, as well as identifying them, it seems logical to assign a Library of 
Congress call number. However, this number will not be mdicative of the actual 
shelving location of the tapes, but will serve as a “key” to the data processing 
facility's lecoid of the tape reels This is necessary because a given physical reel 
can hold different data at dineient tunes as files grow, are merged, erased, 
transfened, or leorgamzed in vanous ways. (Many data processing facilities prmt 
a daily record of the status of each reel ) Thus, for example, if the hbranan sends 
a request to data processing for Z6660 U58m 1963-1967 (part of the Medlars 
Condensed Citation File), a look-up will be done, and perhaps reels 407, 
411-417 and 423 will be pulled for processing. Or, if a request is sent for 
PR3560M39t (fUlton's Paradise Lost) the look-up may reveal that Uus is file 
number 2 on reel 1 17 

Additional Requirements 

Up to this point we have discussed cataloging of tapes in much the same 
manner as one might discuss cataloging a book, that is, as an idcntificauon and 
record of holdings Now we shall consider the added aspects to the record that 
must be kept because of specific properties of magnetic tapes. 
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I’hystcal aiui Logical OiamcUntilci There are certain pliyrical and logical 
characteristics of a tape which ate indications of possible computer compalibd- 
ily. and whicli can be impoiiant factors in programming and in the processing of 
a search or a tape copy request. They ate ihc equipment on which the tape was 
created (manufacturer, computer number and model), density (bits per inch), 
parity, number of tracks (clunnels). recording mode (that is. binary, bed, 
ebcdic). record format (fixed, variable, blocked, unblocked), record length, file 
name, and tape label information (since knowledge of labels can be esscnUal in 
order to work with certain tapes on certain computers) Given these characteris- 
Ucs, then, it should be possible for a hbrarian or patron to specify to a data 
processing facihty all that u needed in Older, at least, to have a tape copied 
successfully. (Also included here ii a statement as to copying rcstricuons on the 
data insolved If the material is restricted, apt label information will not be 
given ) 

Related Fdei. A special aspect of magnetic tapes is that they are often 
involved in multifile systems For exam|^. the Ubiary of Congress MARC 
project issued four files: the MARC catalog record, the MARC author title 
record, the MARC descriptive cross reference traeing record, and the MARC 
subject cross reference tracing record. It is possible for these files to be utilized 
independently, but some or all of them could be Involved at one time in a 
sophisticated information retneval system. Therefore, althou^ each fde a 
desenbed in a separate catalog record, il is obvious that cross-references should 
be nude in each case to the iclaled files A file that is necessary to the searching 
of another (ai the MeSH file is to the MEDLARS Compressed Citation file for a 
subject search) could be indicated by an asterisk. Then, the catalog record for 
that file would be consulted also, as an aid to the formulation of an appropriate 
search strategy. 

Programs and Documentation There is information relating to a tape file that 
would be useful to a patron in certain arcumstances, for example, if he wished 
to create a program for special manipulatioo of the data Therefore, references 
should be given to existing programs (whether those created by the issuing 
agency or those written elsewhere) and to complete documentation as to file 
format Much of this data would probably be on file at the CIS and copies 
might be made available on request 

Format and Field Information. We have sUted that the reference librarian 
will serve as the primary point of contact between the patron and the computer. 
She will receive a request and, let us suppose, deade that this could best be 
answered by a machine search She (or the patron) will either have a file in mind 
or Will look under the desired subject to find an appropriate entry The 
information previously discussed will be found, but more must be known about 
the file before a search request can be formulated. 
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The catalog record of a file must reflect the type of information that it 
contains For “reference” and "source data” tapes, this will mean a listing of the 
fields of data that are in each logical record (for example, a bibliographic entry} 
For most files, this information can be given in the space allotted on the catalog 
form However, some records (such as those on the Census tapes) are so 
extensive that several pages arc required to describe them In such a case, a 
summary paragraph will be given and also, if applicable, a list of major retrieval 
points A reference will be made to other printed sources for the complete field 
information 

For “natural language text” files, since no specific fields can be named, any 
special manipulative features or rctneval possibilities will be listed, and 
references will be given to further documentation 

Retneval Possibibiiei Librarian and patron ti^ether must understand the file 
in terms of possible search parameters, which depend partly on the format of the 
tapes and partly on a specification of what various programs (or levels of 
ptogramnung) will handle. This part of the catalog record becomes specialized, 
then, in that it was meant to be consulted m the context of a given programming 
situation with a given tape formal. This record will change as programs and 
formats and computet technology change 

Union Catalogs and Directories 

Up to the present time, most magnetic tapes have been retained and used 
solely by the agency that onginated them Now, directories are being compiled 
which Will serve to make known the wide range of information and data 
available on tape ' ‘ 

The function of Centers for Information Services (or simitar agencies) will be 
to acquire tapes of more general interest from a variety of sources, and provide 
the capabilities to process them Inherent here are possibilities for coordination 
of acquisitions, and the creation of a Union Catalog This catalog would 
represent the holdings of Cenieis with a broad spectrum of data bases, and the 
ability and resources to process them for an individual or another agency 

Union Catalogs have traditionally served as a basis for interlibrary loan of 
pnnted materials. However, magnetic tapes would not be loaned as such, but 
rather they would be copied (if they were compatible with the requesting 
agency's sysiem). or else searched, and the lesulls sent la the requester The 
evaluation of compatibility could be based on information found m the catalog 
record, assormng that a full luting of physical charactenstics is mduded The 
Union Catalog, then, would serve as an indicator of system compatibibty, as well 

Directory of Compulemed fn/ormatiou m Saence and Technology New York 
Science Associates IntemaUonal 1968 
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as a locatins device. (Hopcrully. directoties would also indicate compatibility 
data and would be utilised in the CIS in dcading which tapes to acquire as well 
as in ascertaining available data bases ) 

If we assume the Union Catalog to be a major form of communication 
between Centers for Infoimation Services. Ihen siandardiralion of cataloging 
practice becomes extremely impoitani The ideal would, of course, be for each 
pailicipant to use the same cataloging formal A duplicate of each record could 
then be sent to a central location, which would be responsible for coordination 
and assignment of logograms 

Tlic size of (he catalog, the number of agencies interested m acquiring its 
information, and available funding would deterimne what would then be 
feasible Ideally, (he catalog would be indexed or cross-referenced, pnnted, and 
frequently supplemented 


SOFTWARE FOR THE CIS SYSTEM 

The dominating technical constraint on ihe computet programs needed in a 
Center for Information Services is the requirement for Uieabihty to handle data 
from a variety of existing Tiles-to maintain, read, select, and extract data from 
files prepared by other organizations As it now is, each data base has its own 
format, its own theuurus, and its own package of ‘Tdc management” programs 
which provide capability for maintenance and search Each data base now 
requires a separate set of forms and procedures for utilization With 20 data 
bases, each representing 3 or 4 files, the installation would be faced with the 
spectre of perhaps 500 different operating programs and procedures, few of 
which would be compatible with the hbrary's operating system. 

Therefore, how do we add data bases without proliferating programs to the 
point of virtual strangulation? The answer might he in standardization, but that 
seems hardly likely, in view of the enormous variety of purposes served by the 
data bases to those who originate them. Custom programming for each data base 
IS too lengthy, too cosily, and too unresponsive to the needs of the Center and 
Its users It might he in conversion of the data bases to some standard format 
and structure for storage and processing by the library using them, but ibis also 
seems unlikely, m view of the sheer bulk of data involved Translation or 
transliteration of files for use in some standard system is unpractical because of 
the possible loss of meaningful information, the costs, the continual changing of 
formats, and the difficulty in processing It mi^t he in the use of generalized 
nie management programs, hke those bstedm Figure 10 13, which can handle 
the variety of data bases and provide standardized services based on them 

The design of such a generalized system would be special purpose insofar as it 
reflects the special requirements of the Center for Information Services Many 
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recently developed generabzed file management techniques, however, can form 
the basis for system design 

To use such generalized programs requires a careful description of each data 
base so that the generalized programs can operate on it and so that the user can 
know what level of service he can call on Usually, these programs provide a 
clearly distmguishable set of stages of processing, from fixed field, fixed format 
processing (the simplest and most effiaent), to variable format processing, to 
text processing Their relative cffiacnaes differ so radically that the prospective 
user must be well auare of precisely what data from a given data base can be 
effectively processed by 3 given level of program 

In the Center for Information Services, certain general purpose programs will 
be appLed to all files. Possible “levels” of program might be retrieval from fixed 
fields (program “A”), from repeated fixed fields (program “B"), from variable 
fields (program “C”), from repeated variable fields (program “D"). and from 
text (program “E”) The catalog record tnust give a clear indication of possible 
retrieval points for a file under each of the operational levels The librarian 
would consult the catalog and state ‘ If we search this file under program ‘A’, 
we can retrieve on the following points journal, language, date, etc., under 
program 'B' we can search by subject, and under program ‘C’, by author, title, 
etc ” Indications must also be given of file organization and size (number of 
reels) for this will determine, to some extent, how accessible desired information 
may be For example, if a file consists of several tape reels and is organized by 
date the libranan might state. “We can search the most recent portion of the file 
today, but a complete run, which requires several hours of computer time, must 
be scheduled in advance ” (File size should also be indicated in terms of number 
of records of number of bibliographic entries where applicable, for this 
information would be mote meanin^ul to a patron than number of reels.) 


Specifications for CIS File Management Software 

With a general purpose file management system, a great vanety of file 
structures may be defined independently of the processing functions performed 
Actually, any computer programming language is general purpose in the sense 
that It IS not limited to particular files and functions. In order to relieve the 
piogrammer of some detail, the notion of hi^er level languages was developed 
The best known of these languages are COBOL, PL/1, FORTRAN, and ALGOL. 
The use of these languages is said to result m an average reduction of about 5 to 
1 in the number of instructions that must be written by the programmer to 
perform a given application 

A gcTimV pwposft iit managEment system introduces a still higher level of 
communication between the user and the computer. By relieving the user of 
many more requirements to commumcate his needs to the computer, it may be 
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ujfd by library personnel, system anaijsts. or computer programming 
specialists-at ihe appropriate level of detail Thus, instead of employing 
assembly language or a higlier level language, the user employs a small set of 
structured forms to desaibe hu problem solution m the amount of detail 
required. 

Such a syncm can be used for producing computer program* for normal 
day lo-day operations, as u ell as for specialised requirements The functions that 
may be invoUcd in such operations include the creation and maintenance of files 
from original input (for example, punched card and magnetic tape data), the 
selection of records from files according to either defined or computed criteria, 
computations involving data from selected records, extraction and sequencing of 
tesults dependent on these data, and the formation of new files for other, 
subsequent use. A* «« have srated, the Alefs) and tiie funclrons are independent 
of each other, thus providing great llexibiliiy m use In execution, however, they 
are tied together In order to mmuiu/e the information that must be provided by 
die user 

File OepHUion The operation of such a programming system is centered 
around the concept of master files. In order to extract or refneve data from files, 
the problem statement must refer to fde definition tables 

The file definition specifics certain ovetall file parameters (such as record 
format and block size). More important, the record structure is described also, 
thus providing the capability of reading record structures that are fixed or 
variable in length and that can contain 

1 Variable length fields and segments 

2 Repeated fields and segments of the same type 

3. More than one type of format of field or segment at any hierarchical 
(nested) level 

4. An adequate number of hieiarcbical (nested) levels of segments within a 
record 

5 Various techniques to identify the fonnat types and sizes of records, 
segments, and fields in a file. 

File Orgoniianon Cbncep/i The organization of a file is generally indepen- 
dent of Its specific content Thus, files can be organized sequentially, in terms of 
some field m the data items in the file, randomly, so that records must be 
located by reference to an index or an algonlhm, or in other ways. 

File Search Concepts. The processuig of CIS files must begin with the search 
of a particular file to select records for subsequent use by a requester. The file 
management program therefore must at least provide capabilities for the simplest 
forms of such a selection. An obvious extreme is to provide the requestor with a 
copy of all records in a file Normally, of course, more sekettve search catena 
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are specified One may request, for exaropJc, records idenufied by particular 
data values m specified fields (for instance, specified document riumbers or 
subjects) Still more complex search cntena may seek to relate a set of data 
values m each record to one another for the purpose of selecting those records in 
which specified relationships exist 

These retrieval capabilities enable the users to select and extract data from 
the files The key to effective retrieval is the logical selectivity of the system, 
including an appropriate set of compaiatois, Boolean connectors, and types of 
comparands. Conditional expression$ may need to be combined and a number of 
nestmg levels may need to be provided 

Syitem Momlonng Monitoring capabilities should include provisions for 
1 . Preparing utibzation statistics by user, fUe, type of request, and the hke 

2 Cost accountmg and charging of accounts 

3 Protection of proprietary files 

System Functions Many file management functions must be mcluded 

1 Read existing files from punched cards, magnetic tapes, and other 
machine readable input 

2 Maintain files by making additions and deletions 

3 Reformat files to reflect changing specifications and requirements 

4 Select, from files, records that contain data of interest in a problem 

5 Extract data items from the selected records, or use whole records 

6 Arrange output by sorting, sequenang. and grouping 

7 Format printed reports that contain such elements as Preface, Page, 
Title, Page Number, Column Headings, Column Footings, Line Numbers, Detail 
Entries, Summaries, Statistics, Line Count, and other details that make a pnnted 
report or document informative and attiactive 

8 Summarize data to as many levels of total and subtotals as required, with 
wide flexibihty in format and content of printed output 

9 Compute new values based on values in the file, for use in selection, 
further compulation, printed output, subfiles, or the updated file 

10. Produce printed reports or other printed documents such as 3x5 
cards, labels, or output on preprinted forms 

11. Produce subfiles on cards, magnetic tape, disk, or other media for 
further processing by other systems 

System Operation. The system could provide for the storage of source 
programs in a “Ubrary” for subsequent compilation By storing the source 
program, rather than the object program, the system could enable the user to 
conserve space m his system library for other purposes. In operation the user 
would have the option of rerunning such programs by recalling them either m 
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souicc or object language form and operating under the system Tliii capabJity 

supplements the ability to define new Jala base lequircmcnli 

The capability to maintain and query master files, once the user has uefined 
the master file and the queiy specifications. slioulJ be essentially automatic 
This type of implicit specification is a basic design concept of the system For 
example, a "standard" mode of operation wiU automatically be insokcd unless 
the user specifically requests an alternative mode These standard cases are 
applicable m many situations 

Tlic most important advantage of a generalized file management system 
should be Its simplicity of use Use of “programming by questionnaire, in 
which the user merely answers a senes of questions describing the results he 
requues. means that an ordinary search request can be described direct y y l e 

research or library-oriented user ina fcwininutes. , ,, ,, .. 

In summary, the Center for Information Services Software sJiould allow the 
library to use computers m the handling of many separate files with a minimum 
of lapsed time between acquisition of a data base and operational use or it It 
reduces the demands for skilled programmers and analysts, and minimizes 
communications problems between the academic community and data process- 
ing people 


Specifications for CIS Reference Retrieval Software 

Since the basic CIS File Management Software would provide capabUity only 
for the simplest, field structured search logic, the CIS system of software must 
also include a module for the processing of more complex requests Reference 
Retrieval Software is of primary value m searching of reference data bases that 
involve the use of “subject" descriptions. 

File Dejinilion The file definition can be identical with that^ for file 
management The fields of particular concern, however, are the repeated 
fields,” which are characteristic m reference retrieval situations 

File Organization Concepts TTie need for metltods of organization beyond 
those of the sequential and indexed sequential is evident A variety of indexing 
aids must be included 

1 “Inverted” files (such as key-wrord uidexes). 

2 Dictionaries, hierarchically structured subject headings, and thesauri 

3. Word frequency lists and tables of sUtistical association 

The maintenance of these indexing aids, as well as the use of them m the 
formulation and processing of search requests, must be included in the system 
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File Search Concepts- Search of reference files differs from that m simple file 
management in at least two respects 

1 . U involves simultaneous, uileracUve processing of at least two files (the 
master file contaimng the data of mterest and index files) 

2 It provides mote sophisticated processmg of repeated field data 

In particular, search requests can be formulated as Boolean combinations of 
terms as well as of specified field values The terms will be searched for in the 
indexing aids, and provision must be made for automatic explosion of them 
based on the set of inter term references found Capability must be included for 
correlating index records, based on defined request logic, to derive master file 
entry references for subsequent processmg 

A portion of the search request form nught resemble the example shown m 

Figure 1917 On the form as shown.fldcsired search element has been indicated 

by specifying a field and a value (or values) for that field, and its relationship to 
other search elements Guidelines for formulating a search can be descnbed 
briefly as follows 

1 Specifying a desired value for a field 

(A) A required value is indicated by listing if on the relevant line of 
the request foim.with an appropriate operator Possible operators 

Figure 17.17 Search lequesl form* 


tluase No 

Field Name 

OP 

Value or Constant 



Ell 

SHAKESPEARE. WILLI AM 

I 

101009 

oo 

1 1900 

1 


■a 

1968 

U 1 


■a 

UAMLETMULIUS CAESAR)0THELL0 



la 

ENCXJER 



.d 

KING LEAR)MACBETH 




ENC 



\m 

MARLOWE. CHRISTOPHER 



m 

DOCTOR FAUSTUS 


*Th>s seaich can be deicnbed as follows (A) Retrieve all records in uhich the author 
IS William Shakespeare, the publicatson date u^ater than or equal to 1900 and less 
than 1963, the title is Hamlet, luUos Caesai or Othello, and the language is English or 
Ceiman (B) Retrieve all records us which the author is Shakespeare, the publication 
date IS 1900-1967, tlie title is King Leal oeUacbeth, and the language is not English 
(Q Retrieve all records m which the author is CSinslophei Marlowe and the title is 
Doctor Faustus. 








SuMttatc fur the ClSSyilcm 729 


arc EQ (equal Jo). NE (noJ equal Jo), CT (greater than). LT (less 
than), GE (greater than or equal to), and Li: (less than or equal 
to) 

(Q) Alternative values fur a Held are slioun by listing them, in order, 
on the same line If these values cannot be listed on one line they 
are treaied as altcmatiw values invulniig more than one field (see 
2 D below) 

• Specifying relationships between fields 

(A) Various search values that are lequired to appear in the same 
record arc indicated by relating them througli a common phrase 
number (or portion of a number) Items having identical phrase 
numbers, or which agree over all of the digits of one of the 
numbers are regarded as belonging to the same phrase 

(B) Alternative values (involving more than one field) that may appear 
in a record are indicated by assigning them phrase numbers which 
dihfer in one or more digits. In the example, we haw (he numbers 
1.1.1.11,11.12,12 Tlie phrases which can be formed are 
1.1,1,11.11. and 1.1,),)2.I2 (Since the numbers 11 and 12do 
not agree over all of the digits of one of them, they cannot be part 
of the same phrase ) 

3 Specifying multiple requests in one search formulation 

In our example, there ate actually iwro searches shown one 
related to Shakespeare, and the other related to Marlowe Since 
they are unrelated (except that they involve the same file), they 
are given completely different phrase numbers If (he search on 
Marlowe were to be made more elaborate, then other phrase 
numbers using 2 as a “base,” would be added 

In order to phrase a search request correctly, it may be necessary to refer to 
certain materials in addition to the catalog record These would consist of such 
things as thesauri and lists of codes, abbreviaiions or symbols to be used for 
language or geographic designations, and the like (if these are not handled by the 
computer) The catalog should contain a record of and references to these 
materials, which would be shelved or tiled in the reference area 


Specifications for CIS Text Procesnng Softwtaie 

Although in principle, text data can be processed by treating each word as a 
separate entry in a repeating field, such processing is relatively inefficient To 
provide specific functional capabibtjes, the CIS ^tem should include a module, 
the CIS Text Processing Software, designed around the particular needs m 
generalized text data processing 
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File Definition. The file defiiutjon for such a module must be identical with 
that for the other modules The fields of particular concern however are the 
“text fields ’’ Particular attention must be given to provide for “character 
coding” of multiple font text 

File Organization Concepts. The same kmds of indexing aids involved m 
reference retneval can be used However, their scope of coverage is likely to be 
much broader, since all terms appeanng in text must be considered (as terms 
either to be processed or not to be processed) 

File Search Concepts Although search logic considerably more complex than 
that provided in reference retrieval appears to be desirable (mcluding, for 
example, automatic parsmg), it is not possible to specify at this time an adequate 
operational definition of it 

System Functions For text processing, file management and search functions 
must be supplemented by an ability to 

1 Produce concordances and other word bsts 

2. Collate texts for the detection of differences and similarities 

3. Accumulate statistics on frequency of occurrence of words and word 
strings 

4 Derive indexing terms based on a variety of dues, mcluding frequency of 
occurrence, format, context,3nd the like. 


Appendix 

OUTLINE OF INSTRUCTIONS FOR FILUNG IN CATALOG FORM 
1. ENTRY 

Use Anglo-American Cataloging Rules for Choice and form of entry 
Items to be included are 

A Name of Agency and Division, if applicable (or entry under title) 

B Title of file (in brackets if supplied by cataloger) 

C Date. 

11 BRIEF DESCRIPTION 

Give short mdicalion of general content of the file, any special 
features, correlation toiniblished materials (le , MEDLARS, CCF, and 
Index Medicus), clarification of title or date if necessary, and, if 
appbcable, statement as to how often file is issued or updated. Name 
the agency which actually (physically) created the file if it is not the 
same as the agency named in the entry, or if the tape is entered under 
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its title. If tlic tape file is a scnal whtcli culsts m printed form, give tlic 
beginning date of the pubhdicJ sciial 


III MAJOR SUmcr AREAS 

Ust of broad areas covered 
IkaJmgi. 


Vtf Libnttv of Congress List of Subject 


FIELDS OF DATA , , „ 

last the types of Reid on the tape, and the data each contains Possible 

field categories arc 
Fixed Fields 
Repeated Fued Fields 
Variable Fields 
Repeated Variable Fields 

uJSd names as lliey asa JenneJ Co tha genc.atod P'«S'am H a 
name is not clear, follow it with a fullel name or iliort clarifying 
Statement m parenthesis 

\ PimiC\LCUAR.[CTERJSTICS , a „w..n..«n 

A. Computet: Give manufacturer and full model description (ex 
HIM 360/40) 

B Bit Density. Oils per inch 

C Number of Tracks (channels). Parity Oddoreven 
D Flic name. 

E. Tape label. 

F Recording mode: (binary, bdc.cbcdK.otlicr) 

G Reeo.J format Fi,csorva..able.bloekedoronblocl.rf Iftherecorjs 

are bloekeil, give ll.e blodong factor in parenthesis if it is not clearly 
implied under block length 

H Record lenglli If vartablc. give maximum. 

I Block length If variable, give maximum 
3 File size Tape reels, logical records 
K Increment/yr Tape reels, logical records. 

L File organization The sequence of records u 


a the file. For example 


alphabetic by author or subject, numenc by citation number, by date, 
etc 

M Copying restrictions Give brief statement as to policy 
N Holdings Apply to tapes issued serially 


VI RELATED FILES 

List other files involved in 
cross reference tapes, etc 


e system For example dictionary tapes, 
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Vll. MATERIALS RELATING TO SEARCH FORMULATION 

For example' thesaurus or dictionary, language or other codes, manual 
or pubhcation containing compkte Held information, etc 

VlII PROGRAMS FOR UTILIZATION OF DATA 

Give bnef listing of, or reference to existing programs for file 
manipulation Indicate agency which created the program, and 
language used. 

IX FOR MORE INFORMATION DOCUMENTATION 

If possible, list persons to contact at the systems and/or programming 
level, and refer to documentation on tape formats 
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ENTRY CALL NO Z 

US Library of Congress Technical Processing Division 
MARC descnptive cross reference Oaemg record 1966- 

BRIEF DESCRIPTION 

Contains the descriptive cross reference tracing information which is generated m the 
cauloging of monographs wha-h are incorporated into the MARC catalog record 
Update tapes issued weekly 

MAJOR SUBJECT AREAS 
1 Authonty Lists 

FIELDS OF DATA 
FIXED FIELDS 

Information related to internal processing, status of record (new or carried over) 
VARIABLE FIELDS 

Descnptive heading, descriptive references (’‘«e” references, "see also" references) 


Recording mode EBCDIC 

Record format Variable, unbloctteo 

Record length 

Block length 


Computet IBM 360 

Bit Density 800 bpt 

Tracks, Parity odd 
File name ^lA&C-Deacr. 

Tape label ~ 


File size Tape reels 1 Logical lecords 

Inerement/yr Tape reels Logical records 

File organuation Alphabetic by Descriptive Heading 

Copying restrictions 

Holdings ~ 1960- ~ 


MARC catalog record 

MARC author/tjtle record 

MARC subyicl cross reference tracing 


FOR MORE INFORMATION. 
DOCUMENTATION 
Library of Congress 
Informabon Systems Office 
Director MaBC Pilot Project 
Mrs. Henncttc Avram 


call no z 

Nitionil Library of M«(]idn«, US 

Ml U LARS conJcnwd citation file (CCI ) I9M M42 

BRlLrCLSCRlPTION ' 

Index of cunenl medical liletahiie of the hoiUI Conuint eiUlionj appearing in InJex 
MeJinit, ptui added sub)ect Icrmi (coonliiuie indexing for machine retrieval) 
(Publiihcd InJfx MeJicut "new ler “ dales from ianuary 1960 > 

Update t apes ictued monthly 

Major surjict arias 

1 Medieinc ' Uihliogfaphy 

2 Medicine - Pciiodicalt - Indexes 
MILDSOFDATA 

FIXED IIFLnS 

nice of publication, year of publicalion, citation number, Journal title code, 
language code, form and tubform of entry, date of entry, type of author, number of 
tag «ordi (and fields related to internal processing) 

RCPEATED FIXED FltLDS 

Tag uords main heading code, tubheaduig code.//idex^fAficur indicator, tag group 
indicator. cUssifiealion number 
VARIABLE FIELDS 

Author or authors, litte. Journal title abbrcvuuon. volume, page, pubbcstion date. 
vemactiUr of title If In foreign bnguage. lefeRnces (number of Rfeiencei made to 
cthei material if the citation la a review arucic) 

Computer r, 800/200 Recording mode Blnatv. BCD 

Bit Dontlty “556 bol Record format "vaVlabli" 

Ttackj. Paniy ~7. Odd Record length jst, words Max 

filename “Fif.BUfeSlP/.t! Block IcngUi — — — — — 

Tepe label — — — 


niesize Tapereels 20 Logical records 500.000 (1967) 

Incremcnl/yr Tapereels Logacal records 170,000 

File organuation By Computer Entry Pate 

Copying restrictions 

Holdings 1966- 


Related files 

'MEDLARS Medical subject heading 
file (MeSH) ! 

medlars language and subheading 
file (LANDS) 

medlars journal record file (IRF) 
•Needed for subject search of CCF 

MATERIALS RELATING TO SEARCH 
FORMULATION 

MeSH (published) 

MeSH C'mtcrnal ’) 

Scope note file 

MEDLARS dictionary 

programs for utilization 

FOR MORE INFORMATION. 

OF DATA 

DOCUMENTATION 

Sec MFDLARS itamtenance Guide, 

! NationalUbraryofMedicine 

Planning Research Corporation 

Associate Director for Intia Mural 

lune, 1966 

Programs doseph Leiter, Ph D 
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tNTRV CALL NO L 

Nitionil Libiary of MeJkinc, U S 

MLULAKSconJcnicJ <lUiion niafCXI ) 1964 ' 

BRILI ULSCKII’TION 

InJex of cuiTcnt mcJKal litciilute of ihe *oilJ Containi citations appearing in Index 
Medicus, plus aJ4cJ subject Urns (coohluutc tnJcxing for rnactiinc fcuicval) 
(rublulicU/zit/cxA/cJinii ‘new >ci ‘ Jale* from lanuaiy I960) 

Update tapes issued montliljr 

MAJOR SUBJLCT AREAS 

1 Medicine - Oibliogiaphy 

2 Medicine t'eiiodlcals - Indcxci 


HELDS 01 DATA 


lIXLDHLLDS 

Place of publication, year of publkaiion. citation number, journal title code, 
language code, form and lubfotm of entry, dale of entry, type of author, number of 
tag uiuidi (and ricUi related to internal processing) 

HEPEATLU EIXLU IILLDS 

Tag uords mam heading code, subheading code./ndex Medicus indicator, tag group 
indicator, clasuficatlon number. 

VAKIAULC HELDS 

Author or authors, title, journal tick abbwvuijon. volume, page, publieauon dale, 
vernacular of title if 1 a foreign language, tefeicnect (number of tcferencei made to 
olher material if the citation u a icvicw atuclc) 


Computer H 800/200 Reeordwgmode Binary, BCD 

Bit Density SS6 bol ~ Reeoid formal Variable 

Tracks, Parity — ), odd Reeoid length 25 4 Worda Max 

filename ' ll£61ARS-CCf Block length 

Tape label . 


I lie sue Tape reels 20 ijsricaltecoidt 500,000 (1967)_ 

Increment/yr Tape reels i.oacal record r 170,000 

I lie organiaation By Computer Entry Date 

Copying rcstiicUona 

Holdings 1964- 


RELATED FILES 


MATERIALS RELATING TO SEARCH 
FORMULATION 


‘MEDLARS Medical subject heading 
file (MeSlI) 

MEDLARS language and subheading 
file (LANDS) 

MEDLARS journal record file (JRP) 
‘Needed for subject search of CCF 


MeSII (published) 
MeSH ("internal”) 
Scope note file 
MEDLARS dicUonaty 


PROGRAMS FOR UTILIZATION 
OF DATA 


FOR MORE INFORMATION. 
DOCUMENTATION 


See MEDLARS Maintenance Guide, 
Planning Research Corporatioii 
June, 1966 


National Library of Medicine 
Aasomale Director for Intra Mural 
Programs Joseph Leiter, Fh D 
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ENTRY CALL NO Z 

Nationil Library of Medicine, U S 

MEDLARS medical subject heading Qk (MeSH) 1964- 

BRIEF DESCRIPTION 

Contain* the 6-digit mam heading codes used in the MEDLARS CCF, their English 
equivalents, allowable subheadmgs, and tbeu tree words (classification numbers) 

Update files issued monthly 

MAJOR SUBJECT AREAS 

1 Subject headings — Medicine 

2 Medicine - Termmology 

FIELDS OF DATA 
FIXED FIELDS 

Tally (number of tunes a medical subject heading has been tagged) Mam beading 
code (octal), code for type of article, bibliog of medical reviews indicator, 
Ci/inulatid Index Mediate indicator. Index Medicui mdicator. mam heading ui 
English, allowable subheadings, mam heading code (six-bit format), type of Index 
Median mam heading, plus fields related to mlemal processing, output formattmg 
and prmting 


VARIABLE FIELDS 

QatsiTication nimibeis(tiee woidt).bibViogiaphy and sub-bibliography numbets, tmd 
fields Klated to output fotnultmg and pnntmg 


Computet K. 800/200 

Recording mode 

Binary. BCD 


Record format 

Varlabln 


Record length 


File name KEDLAR$-Me$H 

Block length 


lape label 

File size Tape reels > 

Logical records 


Inciement/yr Tape reels 



File organuation 

Copying restrictions 

Holdings 

RELATED FILES | 

MEDLARS condensed citation file 

(cen 

MEDLARS language and Subheading I 
file (LANDS) 

MEDLARS journal record file (JRF) 

MATERIALS RELATING TO SEARCH 
FORMULATION 

PROGRAMS FOR UTILIZATION 

OF DATA 

FOR MORE INFORMATION. 
DOCUMENTATION 

National Library of Medicine 

Associate Director for InCra-Muial 
ftopams Joseph Leiter, Ph D 
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Science Otation Index Citation Index Tapes 1964- 


S43c 


BRIEF DESCRIPTION 

Contains references cited by current literature of science and technology, including the 
social sciences In 1967, coverage included items from more than 1600 scientific 
journals, and all current U S patents issued inchidmg primary and reissued patents 
(Printed Science Qiation Index isasflisl published in 1961 ) Update tapes issued weekly 

by the Institute for Scientific Information 

MAJOR SUBJECT AREAS 

1 Science - Bibliography 

2 Social Science - Bibliography 

3 Citation Indexes 

FIELDS OF DATA 

ALL FIELDS ARE FIXED 

Source* journal abbieviatioft, volume numbei, page, code indicating type of source 
item (le, article, review, patent, etc), year Pint source author, fust reference** 
author, reference journal (or non-joumal tiik). volume, page, year, and number 
identifying the source item. 

When work cited is a patent, lefeience patent number, first inventor, and reference 

patent class ate giien instead of lefcience author and lOumaL 

When record is for the organiaauon where the work was performed for the source 

Item, the abbievuted name and location ate pven instead of reference author and 

joumaL 

• "Source” indicates "citing " 

** "Reference” indicates "cited " 

Computer Recording mode r 

Bit Density 556 bpt Record format Fixed, blocked tio) 

Tracks. Parity 7 , Record length 900 Chars 

File name SCI-CIT Block lenglh 900 Chars 

Tape label 

File sue Tape reels 
Increment/yt. Tape reels 
Flic oiganuation 
Copying restrictions 
Holdings 


RELATED FILES 

Science Citation Index Source Index 
Tapes. 

MATERIALS RELATING TO SEARCH 

FORMULATION 

(see) ISI Magnetic Tapes 

InstiluiB for Scientific 

Information, 1967 

PROGRAMS FOR UTILIZATION 

FOR MORE INFORMATION, 

OF DATA 

DOCUMENTATION 

Prom IS! General utility atation 

Institute for Scientific Infoimatioii 

index hst program (IBM 1401, 4kJ 

nuladelphia. Pennsylvanu 

Can hst complete citation data, or 

Dnector of Research living H Sher 

portions appropnaie to a specified 


group of reference authors. 
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Logical records 9,000,000 (1966) 

Logicalrecordi 3,000,000 
In Sequence Per a Unique Number for Each 




tNTKY 

S^KAvC Ciutlon Souice CiulcxTapc*- 


CALL No 


Q 

I 

S43f 


BRIIJ DLSCRIPIION 

InJcxct cuncnl liUtaturc of kicnce anJ leibnot> 0 . intluJlrg Uie u>cul KKnccL In 
1967, covctaje incluJeJ ilcmi flora mow lhan 1600 uKtitiAc journala. inJ all current 
U,S pitcnit luueJ tnclu>linf piimaijr anJ tcUtueJ paicnta. iSctence Citation InJtx wai 
Tuit UsucaI in pubUOicJ form in 1961 ) 

Ipdate UpctIuucJ ucckly by the Intuiuu forSoeotifU {nfuimiuon 


MAJOR SUBJtCTARLAS 

1 Science - BibUufiiphy 

2 Social Si.icfK« - BibliO{liphy 

3 Quiion InJcaet 


HELDSOFUATA 


HXLO FILLDS- 

Souice* arucle numbei, piirnary aouicc auihoi. toum jouinaJ. volume, pag*- >**^- 
coJe InJieailnj type of tource (le. ankle, levic*. paunt, etc), number of 
lefetcncet aiul fkU» leUtcJ to inleinal pioceurat- 
VARIABLE FIELDS 

SeconJaiy authott and article title data. 


• "Souree" inJieatei "citing " 

Compulei IBM 1401/7076 

Recofdtncfliode BCD 


ReeoiJfornut Variable, blocked 

IwkS, Faiily 7. 

ReeoidlentU) 266 Chare Max 


Rlockleoeth 1200 Chart Max 

iapeuDcl 


■ of-u-altccoidl 775,000 (1966) 


■ npirat lecoids 285.000 

File oreiTiiT.imn In Senuence Per » Unique Humber tor Each 

Holdincs ■ 

RELATED FILES 

MATERIALS RELATING TO SEARCH 
FORMULATION 

Science Quuon Index Citation 

Index Tapes 

(see) Insbtule for Sacntific 

Information 

fSfWBpiehcTaper. 1967 

PROGRAMS FOR UTILIZATION 

OF DATA 

FOR MORE INFORMATION, 
DOCUMENTATION 

Avaibblc from ISI. 

1 Souice index luting (IBM 1401, 

4k, 2 tapes) 

2 SDI programs, (written for IBM 

7074, 12Upes, 10k. card 
reader and console, uses 1401 
as ancillary output device) 

Insbtule for ScientiTic Information 
Philadelphia, Pennsytvanu 

Duector of Research IrvmgH Sher 
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ENTRY CALL NO Z 

Science Information Exchange 740S R 

Grant Master File [of current research projects] 

BRIEF DESCRIPTION 

Contains information (not cUssiTied for nataona) security) on current research projects m 
the life, phsyical, engmeeruig, and social saences Coverage includes research tasks 
performed by or supported by agencies of the Federal Government, and (mcreasingly), 
univetsities, and industry Subject index codes are assigned to each project incl uded 
MAJOR SUBJECT AREAS 

1 Research - Directories 

2 Research Grants 

3 Science - Information Services 
FIELDS OF DATA 

ALL FIELDS ARE FIXED 

Accession mimbet (mchides supporting agency) 

Sub group code (further breakdown of supporting agency) 

Principal Investigator 

Location code for principal uivesUgaior 

Beginrung date of project 

End date of project 

Dollar amount (annual funding level) 

Other investigators, 

Location codes for other investigators 
Multiple location code for principal investigatoi 

Subject index codes 


Computer IBM 360/30 1 

Recording mode EBCDIC 

Bit Density BOO bol I 

Recoidformat Fixed- blocked (4J 

Tracks, Pantr 9. 

Kecoid length 450 Chars 

l-ilename SlB*Grant Block tengui 1800 Chars 

Tape label 


File sue Tape reels 20 

Logical lecOFds 500.000 (1967) 

Increment/vi Tape reels 4 

Loeicaliecotdi 75. OCX) 

t-ueorganoation By acceselon nunber 

Copying lestnctions 


Holdings 


REkATED FILES 

MATERIALS RELATING TO SEARCH 
FORMULATION 

Index File 

(possible) Indexes to codes for 

Contract No -SlENo aossRef File 

supporting agencies. 

Investigator File 

Pending Piojecu File 

location, and index terms 

PROGRAMS FOR UTILIEATUJN 

FOR MORE INFORMATION. 

OF DATA 

DOCUMENTATION 

Soence Information Exchange 

Smithsonian Institution 

Washington, D C 

Director Monroe E. Freeman, Ph D 
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Suggested Readings 


Buco. Ralph, (ed). Dau ComputerM. anJ the Social Setenett New York 
Wiley. 1970 

Thw It a product of the Fourth Annual Conference of the Council of Social 
Saence Data Archnei. held at UCLA in June. 1967 It demonifiatct the extent 
to Vihich quantitative methodi are becoming a tignificant part of tocul taence 
research and the extent to which they depend upon the basic tocioeconomic 
data becoming available in magnetic tape data bases 

Committee on Scientific and Technical Communication (SATCOM), Sctenllfic 
anj Technical Communication A rreuinx Katianel t^oblem and 
AecommenJafio/ii foe 1(1 Solution Washington, D C National Academy 
of Sciencei, 1969. 


The SATCOM committee waa establiahed In February 1966 to mvestigatc 
tnentine and technical communication. ••Information analysis centera, national 
neUeiks. and the use of magnetic tape data base* occupy prominent role* m 
this report. 


MtekanueJ Information Servicet tn the Vntyeriity Library. Thate J. Planmni 
lot Angeles Inilitute of Ubrary Research. University of CaUfomu, 
December 1967. Vol. I- P0178 441. Vol 2 PB178442 


This report summarises work done, under a grant from the National Science 
Foundation, to establish a "campus-based ayslem." m contrast to the more 
standard ••discipline-onented system” which had been the pnmary focus of 
mechanued infotmalion service The concern was with bow a university should 
handle the problems in acquisition and use of a multipLcity of magnetic tape 
data bases. 


Gipe, George A., Aeater to the DuU. Copyright and the Machine. Baltimore, 
Wtihams and Wilkins, 1967. 

One of the crucial, still unresolved ptobleroa in the distnbution and u« of 
magnetic tapes u that of copyright This book examines the issues with an 
admitted bias. 



Chapter 20 

INFORMATION SCIENCE IN 
LIBRARIANSHIP 


As the complexity of out soaety has increased, the need foi informed decisions 
has correspondingly increased The result has been an ever greater demand for 
information services adequate to the decision malung process At the same time, 
mechamcal tools have become available which can be used to aid the processes 
of obtaming, analyzing, storing, and lettievini ever gieatet volumes of data The 
confluence of these two developments-the growing needs for information with 
the increasing capabiLty for handling it-lm led to the implementation of a 
variety of infonnations systems, both manual and mechanized. In technical 
fields, these have been called “infonnation centers"; in social and political fields, 
“data banks”; in business, “managenient information systems", in the military, 
“command and control systems.” To dale, these have all been chiefly 
experimental, since there are still many unresolved problems in then design, m 
their operation, and in their integration with the decision processes they serve 
However, it is clear that these problems wdl be solved and that more and more 
infonnation systems.of all kinds, will be established on an operational basis. 

These information systems create a real challenge for bbiattanship, since on 
the surface it would seem that Iibianans can have a central role in their 
development, then operation, and their management But to do this, librarians 
must recognize the contribution that they can make and be willing to accept the 
challenges. 

Libiananship has repeatedly been faced with such a “cnsis of identity." Are 
libranes simple “storehouses” or are they “centers for information’” Which do 
Lbranans regard as important, the “medium” or the "message?” These are not 
idle questions, nor are the answers obvious They were expliat in the arguments 
744 
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Uul tc^etberated loudly at the heaftnjtof ihc Royal Comnussion on llic Library 
of the Briliili MuKum m 1»47-1M'> concerning the lelaliw importance of the 
author title catalog and the subject catalog ' At that time, the amvi-cr was clear 
the role of the library was to preserve the records of llie past and to assure that 
they were available for the needs of the future, althou^ both catalogs were 
needed, the auihor-iitle catalog was the more urgent in order to tell whether the 
library held a particular book Tlic residts of that decision have set the tone for 
libraries ever since 

But the ever tncieaung demand for “information” lias forced hbrananship 
mto a tcexatiunaliofl of the answer made over 100 yean ago Ocarly, the 
historical role of tlie library as preservtr of the records of the past is stdl an 
important one ••Information” does not cxui in abstract form but only as data 
recorded in some record and. therefore, even for those whose interest is only m 
the information, tlie record in which il is recorded must be preserved and made 
available But should libraries continue to regard thu as iheir/yimJO' function? 

^^■hHeter the answer rruy be. it wiU have a profound effect on the nature of 
bbnnes and their relationship to their users. It is therefore imperative that 
librarians make a conscious effort to undersund the nature of ”infornution, 
the processes by which it is generated, the extent to which they can be providM 
by libraries, and the extent to which they have been formalized and can be 
provided by computers. . i v , 

Of course, this has been well recognized by hbranans As a result, library 
education is undergoing a minor revolution and is experiencing the addition of 
curricula requuing new and radically different backgrounds, concepts, and 
approaches. Information science is bccoimng an integral part of Lbraty 
education, an increasingly important part of the librarian’s professional and 
operational rcsponsibdity. and a pari of the theoretical foundations of 
hbrananship. 

What. then, is “information sacnce?”The purpose of this chapter is to define 
It, with emphasis on its relevancy to hbrananship In doing so. the attempt will 
be made to crystallize the great number of theoretical concepts and practical 
methods that have been developed in this rapidly growing field Hie result 
should serve as an introduction to its literature and help librarians to visualize 
the proper relationship between information science and hbrananship 


Defirutions 

From the outset, we are faced with the fundamental problem of definition 
What IS “information?” What is an “infonnaUon system-*” In a real sense, the 
difficully m defining these terms epitomizes the field. They are slippery 


' Great Bntain. Commissioneu Appoioled to Inquire mio Uie ^nsUtuiion and 
Government ot the Bntish Museum./tepor# London HMDS. ISSOCThe Panizai Report ) 
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concepts, amorphous, loaded with connotations and implications They deal 
with a crucial aspect of human endeavor and thus arc always viewed in terms of 
the specifics of each mdividual situation. Any definition is bound to be either 
too geneial or too specific 

Compoundmg the difficulty in deOmtion » the prevailing tendency to 
identify information science with the computer In fact, as we shall see, in some 
cucles the term “computet sciences’* is considered synonymous with mforma 
tion science * However, the view of this diapter is that such an identification is 
invalid Although mechanization has provided the catalyst and has made 
information saence of immediate value and importance, the problems are 
present in any system, whether mechanized or not And it is the pioblems with 
which mformation science is concerned, not the specific use of machmery as the 
method for solvmg them 

Definition of Information It is clear that “information” has had a variety of 
meanings. At the one extreme, engineers will identify it with transmission over 
communication lines and will measure it by the staustical properties of signals ^ 
At the other extreme, philosophers may well claim that it is a something with 
which they have struggled for years, don’t presume to have an answer Some 
have identified informauon with recorded facts, others, with the content of text, 
others, with the experience stored m the human mind Therefore, it is almost 
presumptuous to consider answeruig as nettlesome a question as “What is 
uifonnaUonT’ Yet, the facts remain that information science deals with 
“mformation,” and that we must have a suitable defimtion, even if it is at the 
most elementary level. 

As a first step, let us consider some related terms~data, information, 
knowledge, and wisdom— and in doing so adopt a specific view of their 
relationship 

Data IS the taw matenal from which the others derive. Data is that which is 
recorded as symbols from wludi other symbols may be produced The data may 
be intended to represent "facts,” as statements of truth, but more generally it is 
anything recorded in a form that can be processed. 

Information (as we shall define it) is the result of processing of data, usually 
formalued processing Typical processes include transmission, selection, and 
analysis 

Knowledge is accumulated data, which has been systematized, formulated, 
and evaluated with reference to the discovery of general truths 

y/tsdom IS subjective, ethical, judgmental If knowledge is usually considered 

* Toil, Julius T , and Richaid H Wilcox, (eds). Computer artd Information Sciences 
W»*mgton,DC Sputan, 1964 

Cheny, Colin. On Human Com/nuniafion NewYoik Wiley, 1957. EspecisUy Chapter 
4 and 5 
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as ihe pionnce of science, wisdom may be considered as the province of Uie 
humanities •’Wisdom”, says Agnes Kepptict, "is said to be the fund of 
experience which man has gathered by living. Dui for so nuny harvests the crop 
IS still a liglit one. Knowledge he has gained and power, but not goodneu and 
undetstaning.”* 

The following is therefore the precise and operational definition of 
infomution” llut we sliall adapt in all subsequent uses of the word 

fn/omulioii is the data produced as a result of a process upon data. 

That process may be one simply oftlaia intnunlujon (in which case, 
the definllion and measure used in conununication theory are 
applicable), it may be one of Jjta tjccium: it may be one of data 
o>x<mi;tfrioii;l( may be one of JaMonj/iSii 

Since information is itself tecordcdasdata.it can be subjected to subsequent 
processing. The issue is therefore really one of the degree to which data 
constitutes information, as a function of the complexity of the process to which 
it has been subjected. Therefore, irseasuics of information must recognise not 
only “amount" but ’‘complexity.*'* 

An important point about this definition is that, given it, information like life 
cannot exut independent of the processes which produce it Although some of 
Its properties may be subject to investigation independent of the means of 
performing those processes, the important and interesting ones cannot be That 
means that ‘’infomuiion” can be studied only in the context of specific 
"information systems,” 

DefimUon of Information Systtim. Considerany complex phenomenon (that 
>s, ’’system"} of interest. If one wishes to study it, one may be concerned with a 
variety of things about it— its physical structure, its cybernetic response to 
environment,* its chemical and metabobe balance, and its information process- 
ing. Thus, a person can be viewed as a complex of bones and muscles, capable of 
performing mecharacal tasks, as a chemical factory processing ingested food, 
water, and air and converting it to encigy; or as a thinking human being, taking 
in sensory data, making decisions, and controUir^ its physical and chemical 
structure A library can be viewed as a physical structure, with physical records 
end a mechamcal flow of materials, as an adrmrustrative organization, with the 
essignment of people to a variety of tasks, or as an information processmg 
institution, taking m data and providuigit out again in response to requests. 


Reppliet, Agnei 

Ge>5dw.-im, tfetaasi, Pit -Swuctufeof Appearosoe Uinisi, 

1961 

* Wiener, Norbeit. Cybernetics, or Conlrof astd Communication m the Animat and the 
Machine NewYork Wiley,1961 
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We study such systems by using methods of research appropnate to 
each-biology for bving organisms, organization theory for administrative 
systems and so on The results of study are a vanety of models, or scientific 
theories, which we then use to explain behavior and predict future behavior 
But among the aspects of interest in a system arc the ones that we may want 
to identify as information processmg If those are the ones on which we focus 
the system then becomes an Information System Hence. 

An Information Sytem is that set of aspects of a general system (a 
natural phenomenon, a physical construct, or a logical construct) 
which are identified as information producmg 
The usual abstract description of a system is given in Figure 20 1 ’ As d 
shows, information producmg processes are grouped mto the standard cate- 
gories communication for input and for output, storage, processmg, and 
feedback. 



Figure 20.1 Infomulion qntein schematic 


The purpose of complex mfornution processmg is to help a system respond 
properly and effectively to the data which it receives Processes more complex 
that simple transmission of data are apparently built into all mformation 
processmg systems, mcludmg biological as vreU as mechanical The need is 
particularly evident m a condition of **daU overload,” when the transmission 
mlo a system exceeds Us capaaty to respond properly to the data Under such 

hoAo.HwM.The Anatyzu ana DtsigH<4lnfOrnuuonSyslems LciAngeles System 
Development Corpontion. November 1966 
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conditioni. the tyitcm may nul^e »hat are unacceptable responjej. it may 
eliminate data by accident, or accept aU the data but with inaccuracy, or try to 
escape and awid response to the data It is therefore necessary for llie s>'slcm to 
process the data in older to accommodate the load For example, it may store 
the data, delaying response until later, it rruy select and thus eliminate some 
dau. but by dioicc. it nuy abstract the data.wluch reduces the detad m the 
data, again by choice, and it may classify and thus reduce the amount of data by 
coding 

Dtfinttion of Infonmlion Sctcmc. Tliu ltaJ< I" > "O' Jenmlion of 
Information Science 

Information Scicnct is Uie study of information producing processes 
in any information system in which they nuy occur. 

However, althou^i this indeed is the definition that wc shall use, it implies 
wmething tlut may not be true- that infontalion saence can exist as a separate 
discipline 

In fact, any real system can be studied only by use of the scientific 
methodologies appropoate to it. And that includes the study of the information 
ptoductng processes embodied in it. For example. RNA and DMA can ^ studied 
for the information processes which they embody and. as such, are inforinatiM 
systems of vital interest to information science. But it would be impossible to 
study, in any teal sense, the means by which they iransnut, select, and even 
analyze "data” (represented by various configurations of ammo acids) without 
the use of miCTobiolosy , , . 

This means that wlule "information science” may. in principle, be concerned 
with pure analysis of processes, in reahty it cannot be separated from the 
methodology of specific disciplines It is therefore more appropriate to talk in 
terms of "mfornution science in genetics.” or "information science m social 
theory” or “information science in documenUtion” than to talk of informa- 
tion science” in isolation from specific systems. 


Specific Contexts 

What Ihtn ate the "sysltmt'’ »ilh which information science is eonceined’ 
What are the methodologies for icienhGo study with which it must work» Figure 
20 2 summaiites tome lelerant examples, a few of which wiU be discussed m 
detail 

77ie Computer The computer has been an especially important context for 
information science, for very clear reasons Hiewwon d'etre for the computer is 
its data processing capabilities. Furthermore, those capabilities are very well 
defined and can be measured m very precase ways The computer is therefore a 
relatively predictable system to study 



Figure 20 2 RepresenUlwe 

I Specifie 

^ CumpUi 
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TTicie Clow exitl a laigc number of Deputmcnti of Compulcr Saence which 
nng to bear ilie combined meUioiLdope* of engineering (for rtuijy of the 
cnaracfeilitccj of computer hardwaie) and of maihemallct and logic (for study 
0 cJuractemlics of computer software) In general, if any one focus can be 
efined for computer Kicnee, ll is lhalof "leallzeabilily.’**'’ Thus, it should be 
Mpecied to answer questions of **(011041 icahzcabdily** (rcptcscniing recursive 
unction theory), ’"program realizeabdity** (teprescnluig rhe ability to produce 
operating program for a speafied task), and “pragnutic rcalizcabdity” 
(representing the ability of lutd»-aie to execute the program within specified 
time limits). 

Because computer saence has become formalized at the amc time as 
information science, and because the computer is the most clear-cut example of 
sn information system, it has been natural to identify information science with 
crunpuier science. Ilov^ser, todosaliirats information science unneccsunly 

Conjpuief'Daud Information S} stems As the computer has been used in an 
increasing variety of applications, the lesulring computer-based information 
lystems have become a fruitful ipawnmg ground for information science 
•etiwiies They embody informauon producing processes considerably more 
^rnplex than those of ilie computer itself Die result has been the growth of 
tystems work** or "application work**-thc body of techniques by which art 
Organization u studied, and altemative systems for Information processing are 
designed and evaluated However, the use of those techniques requires an 
informed substantive knowledge of the area of application, whether it be a 
business company, an urban community, a military command and control 
*yslcni, a scicmific infomiauoncentcr.ot alibraiy. 

Since the primary focus of systems work is on the mformaiion processes m 
Ihese areas of application of computers, it has been natural to identify 
mformation science with systems work on computer applications Again, to do 
so unnecessarily limits the scope of infonmlion science. 

Libraries and Information Centers. Ubraiies and infomution centers, as 
Uistitutions, exist solely for the infomution functions they serve Furthermore, 

Ihe information processes they use-'Cataloging and indexing, for example— are 
relatively well formalized, althou^ there are slUl large areas of their work that 
are not well understood. As a result, they provide ideal subjects for study by 
information science, and there has been a corresponding interest in libraries and 
information centers to utilize the insights that infomution science could 
provide. The extent of interest, on both sides, has been so great that some have 
identified information science with library science. But is seems clear that to do 
to unnecessarily restricts the scope of infonnation science. 

havis, Martin, CompultfAitily end (/>m(KbiIil> New York McCiaw-HiU 19SB 
Nagel, Emest. and J R Newman, Cditoi/Voof, New York University. 1958 
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Social Systems and Biological Systems That a soaal system or biological 
system can be regarded as an “infonnation system” may seem somewhat 
unnatural, at least in the sense used here But it is clear that each performs 
processes upon what we can regard as data (symbolic representations). For 
example, an elected offiaal can be treated as a symbol of his constituency, there 
are clearly defined mechanisms for selection of such symbols and these 
constitute “information generating processes ” Similarly, the “genetic code” is 
simply anays of ammo aods, but these can be regarded as data {symbolic 
representations).' ® Economics is concerned with processes upon symbols of 
capital, psychology, with processes upon symbols of response, and so on 

Each of these is therefore a proper domain for information science to study 
However, the ones of mterest to us are, of course, hbranes and information 
centers and the mformation processes m them 


UBRARIES AND tNFORMATION CENTERS AS 
INFORMATION SYSTEMS 


Figure 203 describes a number of points on a spectrum of infoimation 
processing, in the context of a typical saence information system ’ ‘ They cover 
at least four steps in a process of communication 


1. Generation of data -usually the province of a soentific mvestigator 

2 Dissemination of data-tasks performed by a senes of individuals ranging 
from the data generator himself, to the journal referee, to the book editor 

3 Selection, acquisition, indexing, and cataloging of data-tasks performed 
by libranans, documentalists. indexers and abstractors, and the like 

4. Substantive analysis of daU-lasks usually handled by the scientific 
investigator, but increasingly the province of “science information specialists ” 

In this spectium of information activities, the library plays an especially 
important role as the uistitution for selection and acquisition of materials that 
processes of review have demonstrated to be of lasting importance, for the 
tttaloging and indexing of them, for the storage and maintenance of files of 
them ^d for providing access to them Thus, as a preserver of the records of the 
. the library acts first as a means of data selecUon, when it determines what 
books to preserve. Then, when it produces an author-tiUe catalog as a means of 
locating a sj^cific book wanted, it acts as a vehicle for data transmission (The 
histoncal role thus represents the simplest level of information processing on the 


"A Conunenlary on the Biomedical 
lofonnauon SyKeni. JoumalofMtaKolEduauof,. 45 (Apnl 1970), 245-249 
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tlita in the culicciion of the library ) When it pioJuccj subject catalogs, on llic 
other hand, it acts as a iiKani of selection from the data in the collection of the 
library. 

Unfoilunalely, huwcsxr, catalogs arc not designed to proside mote than a 
rough<ut approach to content Fot the dicnlelc served by general libraries this 
may be all that is needed, but sshen the same subject cbssification techniques 
are applied to higlily specialized collections of nonbook, technically detailed 
data, the imprecision of such methods of content letnevol becomes apparent 
Even indexes only lead one to potentially relevant documents and not to Ihcir 
content as such. Emphasis has thus been placed on finding new ways and means 
of codifying Of indexing data so that they wdl lend themscUti to the selection 
and nunipulalion of fragments of data, rather than of entire documents 

The distinction between systems tliat select and locale documents and 
tystems that provide a hi^er level of infoimaiion processing was emphasized by 
Y. Barllillel. who pointed out Hut the problems of storing and retrieving 
documents should be considered apart from problems concerning analysis of the 
data contained m Uiem.'* Uteiatorc searching, he contends, mvolves only 
detemunmg which documents or books ate relevant to a chosen topic e 
dermes "information rettievai" as the act of oblaining answers to questions 


about a selected subject. . . 

nierefore. as the complexity of mfotmation processing required inaeases, it 
becomes more and more important to bnngto bear substantive knowledge m the 
research field itself. It is for this reason that the “information specialut has 
been defined as a person with competence m a field of research sufficient lot 
him to analyze results reported in published hlctature. to synthesize new results 
as evaluauve ••$tate-of-lhe-art" reports, and to provide control over the less 
formalized means of data comrounicalion It « for this reason also that 
“information analysis centers*- and other speculized information systems have 
become increasingly important. By brinpng to bear a degree of subject matter 
expertise, they provide kvels of processing beyond those normaUy associated 
With the library itself. 


Th. Infotmalian ProcM. to Ita L.l«a>y Intoimilton &n(er 

To pul 0,,,= .n 0 specnccoottM. coniid.r a Ipp.cd for .toraeo 

and ra, naval of rtfa.anna. to docomnts. H.. procaaaas a, a dioatr.ted m Figure 
20 4 The docomanl. lhainadvaa nons.da.=d to ba of potential mlerast 
baaansa of the idaaa, ooncapla, and data ,aco.dad-mota or laaa waU-m Ihatti 
Need, for them ate alao mote or ln» waU expreaaad, rn the form of teqnaaU In 


' * Bai HiUel. YehoOiua. Language 
and Application, Reading, Massachu<ell 


and /n/bmteltoit Selected Essays on 
Is Addison Wesley, 1964 
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each case, the precision with whidi ideas are expressed is usually uncertain 
because of the almost mheient difficulties that people have m expressing 
themselves. Language, both wntten and spoken, is at best an imprecise method 
of commumcation Nevertheless, this is the nature of the mput source for the 
information system. 



Figure 204 Schemalic of document retnevU processes. 
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Lx)calion$ must now be dclrtmncij. wilhm the iioic of reference*, to wh^iclr 
new references ate to be adJeJ or in wlucti olJ reference* ate to be looked or 
The pro(.e** of finding the proper address, while a formalized one-in act, 
peihap* because it it a forinaliied one i* the point at winch the system * 
tfficiency (as contrasted with simply effcctisenesi) it most determined llic 
tequenemg and oigamution of the file*, the allocation of ‘'‘® 

itructuring of inde«s-all arc essentially mechanical method* by which to 
ptonde rapid access to potenlially relcs-anC reference* at reasonable cost. And 
since ••rapid." “relevant,*’ and “reasonable" are all qualitative terms, the 
peoblems in this aspect of system design are precisely those of quanti ying l cm, 
combining them into a single measure of efficiency, an optimizing e 
addressing proccu in terms of that measure. , , ,i 

The tranUatioii from identifier to address, however, merely defines the 
locauon* of sets of potentially relevant references These must be found and 
scanned The combmation of mechanical problems in higli speed positioning to 
desired addresses and higji speed scanning of their content* ha* made this asjwct 
of system operation the one of most mieose attemion by the ^ 

computing equipment. As we have sliown in Chapter 12, cr . , 

innumerable developments of large capacity direct access memories, of s^cii^ 
ized searchers of coded microforms, and of computer componenU sui* a* 
“assoculive memories" wluch provide capability for extremely fast scanning of 
data 

Ai ,t „ canned, tad, cefcrcat. roust bo cvaliulej Tor iti 
rocomtng teuucst (or tlocumcnl to be tiored). Tlic o^ca pr 
mUTtreMiou of "tci.roncy" and the ptacl.cal p.obleiro of pvidros uroble 
cmena by »h.d. to evaluate hero been the subject uf esp«|ally rotense tudy 
These ptocessci-desei.puon, lucttou, and evaluation of document, am ^ 
lypteal of Itbtaty ope, at, on., Ho-evet. dte neat step „ opetal.on of tro 
tufotroatton tystero-analytt. trod roduetton of Ote dau-js t.tely unP'™'"''^ " 
a doeuroen, tefeteuce tystem to troy degtee of teal sigrolleanee, pethaps becauro 
the level of delad sloted to Ihe roechttn.eal syslero ,s usually so rotm™!. but 
route tmpomntly because the ptuces, of rotalys.s.sjusl loo complex Of ootro. 
some degtee of otgamaatiou fo, pterouUUon of the tefeteuce, ts mlafvely 
and hasten tropleroent.d ro l.btar.e. Utero rodude. fo, example, v.rrou fotnu 
• . — ofdcj of relevancy are equally straight- 


of permuted title indexes Listings in . . r.u 

foovatd but have out been a, f.eqoenUy used If mote eonleut of Ute document, 
themselves were mduded tn the mecltammd storage, ,t would be posable to 
extend the degtee of analyst, p.ovuled, flu, u standard ro mfojroat.on systems 
such as rovenSty control and dala mduettou systems, where me mechameally 
Sto.ed date meludes all of the eontent. To the extent that such analysts esn be 
meehametdly executed on the content of documents, the eotrautneauon of the 
results to the usei and mletpteUttoo of them by hun (the fmal steps m 
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operation of the system) would be faciLtated TTierefore, a principal focus of the 
work of researchers m information science has been the development of 
algonthms and heuristics by which natmal language text could be processed and 
results automatically generated whidi would answer questions This is certainly 
the most challenging and mtellectually exciting work m information saence lo 
fact, Bar-HiUel and others have dauned that it is impossible to accomplish, 
because of the inherent illogicalities of natural language'^ I>espite that, 
however, it continues to be the real interest of many information saentists 

All of these processes constitute the things of interest to information science 
m the field of librarianship In the following secbons, we shall summarize some 
of the theoretical and practical problems with which researchers involved with 
information saence m librarianship have been concerned In doing this, our aim 
IS not to be either deep or comprehensive, but rather to provide a framework 
within which further readmg can be started Furthermore, even the suggested 
readings at the end of the chapter are themselves not intended to be exhaustive, 
but have been limited to those that will best lead the reader to the more basic 
research papers. Among them, one set of references is crucial-'the Annual 
Reviews of Information Science and Technology, edited by Dr Carlos Cuadra 
for the American Soaety of Information Science '* Together, they constitute 
the best and most comprehensive conbnumg coverage of this field. At most, this 
chapter should be regarded as an mtroducuon to those annual reviews and an 
overview of the issues that they cover. 

Problems in Communication for Data Input. 

The first set of problems that we shall discuss arises m the communication for 
data input One of them, the "standaidiution of vocabulary," is a counterpart 
of the problems m maintenance of a subject authority, it includes the 
estabLshment of dictionaries, thesauri, and classification schedules Another, 
“man machine communication, ** has no formal counterpart m librarianship, but 
it IS analogous to any dialogue between two people without an accepted pattein 
of communication. The third, “indexing, abstracting, and coding,” is a 
counterpart of catalogmg-m fact, more than a counterpart, differmg only in the 
level of detail which >s considered. 

The StandardiciJtion of Vocabulary /ui information system, whether 
mechanized or not, is based on the representation of its basic store of data in 
terms of a vocabulary which is, to some extent, standardized In general, the 
problem of creating or discovering such a TOcabulary has been a fundamental 

** Ka^er. Reintiel byCompuM A QilicalSuney. The Hebrew University. 

Jerusalem. Israel. 1966 

'* Cuadia. Cailoi, Annua/ Rnitw of Information Science end Technology, Vols. I and 

II. New York- Wiky. 1966 and 1967, Vols III, IV and V. Chicago. Encyclopedia 

Bniannica. 1963. 1969. and 1970. 
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one. wth v>ii»ch linguute, j^nloiophai. and psychologiHi have long been 
conaincd The linguuti lu« tended to approach il as an observauonal problem 
^^■ha^ It the language used in the particular “information system” of people? 
The tools of linguistics are designed to uncover ilie syntactic and semantic 
tlfuctme underlying the actual usaget Tliey must be capable of defining the 
terms themselves, as they may be rcpicscnled in phonic utterances or visual 
images. 

The philosophers, on the other hand, have tended to view language and its 
standardiution as a logical problem* Vttiat are the underlying structures that 
could be the basis of language? Tlie ir approach lui been by way of various levels 
of formalized languages, from the sim^cst logical languages exemplified by the 
calculus of propositions, to finite slate languages, to languages approaching 
natural language in their complexity ' * 

The psychologists luve adopted a tomculiat different approach* What is the 
effect that language has on the user of it and on the person to whom it is 
directed? The field of “psycholmguislia.” while a new one, is well rooted in the 
tradition of “general serruntia.”' ’ 

The daU processing specialists have also been concerned with standardization 
of language, and in two different ways: (I) at the level of the language for 
communicating processes to a computer.'* and (2) at the level of the terms for 

teptesentinginformalion in ihecompolet.'* 

The aim. no nutter what approach has been adopted, u to transfer relations 
ntiphcit in the language into an explial form. Since whatever is handled by a 
mechanical operation must have been fotnubzed. the issue is basic^y how 
much of language processing can be handled by mechanical processes In a real 
sense, the distinction between syntactics and semantics is simply a distinction 
between the parts of the language that have been formalized, and thus made 
explicit, and the parU that are still implicit. 

Since we are concerned precisely with the problem of developing a more or 
less formalized vocabulary, we must examine the extremely complex problem of 
semantic analysis.*® The first step in semantic analysis is the creation of a 
dictionary which contains the definition, in a form appropriate to the operation 

15 p ... Jertv A . and Jenold J KtU, The Structure of 

^ N ' 

’“s.. cpcully. O,™.,. N.~. -A Appre.th lo SynM," Ip 

Al5;ld. ."d 2nd "d . Th. Npp-A™io«l..n 

^ New V.,y 

American Dseviet, 1967 

'* See below, in thediscussionoflheiaiin ... 

Mmsky. Maivm (ed ). Serrutntre Infirfwetton froce,t,r,g. Cambridge, MassachuielM 
MIT Press, 1968 
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of the mfotmalion system, of each term to be used in the system * * Such 
definitions must reduce to a speafication of the relationships between a given 
word (the one being defined at the moment) and other words in the system 
Ultimately, the definitions are expressible m terms of a relatively limited number 
of ‘undefined terms,” whose meaning is known only in an operational sense, 
and which are accepted as such 

Typically, provision is made for specification of other tertm that are more 
specific than the given one, or more general, or that are preferred to the given 
one. The dictionary will include provision for specification of classes mto 
which the term falls or to which the term is related It will allow specification of 
the differences between the given term and other terms of similar ‘‘meaning” 
and application For example, Roget’s “thesaurus” is an arrangement of terms 
first into classes and then into groups under the terms more generic to them 
In data base systems, vocabulary control is not usually difficult and the 
terms are either implicit m the records themselves or, at most, are represented by 
a word list or code book. In reference retrieval systems, vocabulary control is 
much more complex, and thesaun play an especially important role. For 
example, the description of the content of documents requires the use of subject 
wmds chosen from the vocabulary Since words can be interpreted m many 
different ways, exactly the meanings that are used in the system must be 
p Cl le o do ^s, subject iuihonties and thesauri show a pnon relationships 
ar^ng the allowable terms (Figure » 5).*» In this same context, a classification 

“cl’d”.- ■" ‘ 

In text processmg systems, the comphcations are even creater. since the 
mea^gs of words in nato.al language depend not only on upnon derm.nons 

mint ?! f a' "“Z 1° ' B'a'-nanes stored m the eomputet 

most th ..fore descr.he Ore kmds of sentence, m whreha word wdl take on each 
of It. altematrve meaning, For even a narrow field of discourse, the size of such 

Ltn "•'"■"ly “ •>>« 

stdl speculalrveTarLt, " 

to hbianan''s^rs‘”dT‘''’“'“’' ‘It' that have been cenlral 

to hbrarranship and documentatror. How do we derrve appropriate words for 

MrG,™lJXl96Tci.p,"“aJ"'''™”'"" "d New York 

” 17,110,™ of ERICD,mp,o„ OOke orEa„t„„, J... ijj, 

Sir? Sr" "d 
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document descupijon'* IJow do »c define them, particubrly in tcriju of theu 
ttlatiofuhip to one jnudiet? I low Jo we impou a structure on the set of them? 

> Wecancallonsomeeustinsauthoiily.sucliasiheindexestojoumalsof 
the /icM or existing glossaries This approach is.ofcourse>Drpariicutat value in 
(Mablishing an inilul vocabulary. However, some workers have questioned this, 
even if wc recognize its value, it merely begs the question 
2 We can call on (he documents themselves to generate their own terms In 
discussing the methods- statistiol and conccptual-for deriving information 
“Wring words from text, wc are not concerned here with their use m indexing 
the source documents themsehes. Instead, we are concerned with iheir use ss 
the first step m constructing a subject authority. The aim is to determine what 
words are used m the field of interest, as exemplified m a particular document 
They may or nay not adequately desoibe the mformaUem content of any given 
document itself. The permuted title index is the most obvious example, but the 
statistical extract and some approaches to cooidinate indexing arc others 
Unfortunately, the inadequacy of the resulting vocabulaiy is immediately 
evident to anyone using a permuted litle-ot permuted key-word-mdex The 
lack of organization, or even of cross references, forces the user either to scan 
(hrou^ the index or to generate term assoaabons himself 

3. We can introduce the cJeinents that convert a simple word list into a true 
subject authority deiimtions and scope notes, references and cross references, 
class relationships and analytic ones What methodologies do we have here? 
There are many mechanical aids that can be drawn on to assist the subject 
Specialist The permuted index and the concordance, by bringing together the 
different contexts in which a word or phrase appears, can aid the subject 
Specialist in recognizing relatronshijk. TTie "Semantic map,” by picfunng the 
extent to which words have been assoaatedin common, uses statistical strength 
of association to show an underlying semantic one ** There are many specific 

Doyle, L. B , “Semantic Road for Utenture Searchers “ Journal of the 

■Association for Computing Machinery, 8 (Octotiei 1961}, S53-S78 
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notations developed for representing the associations involved m a subjeW 
authonty-those of Western Reserve System," of the Engineer’s Joint Council, 
and of the colon classifications “ 

^^any systems stop at this point and assume that the subject authonty or 
thesaurus is sufficient However, usually some attempt is made to impose a 
further structure on it— a classification 

Fust, simply to set the one end of the spectrum, we have the purely intuitive 
approach to classification, the or^nization of a field of knowledge— mcluding its 
vocabulary— based solely on a view of what is “rational ” The methodologies are 
the classical ones of taxonomy 

Second, there 15 a methodology, called “facet analysis,’' by »hich each terra 
m a thesaurus can be represented by its position lelative to each of a set of 
fundamental facets, as an ordered array In this way, the inherent structure of 
the vocabulary is displayed in a simple foini, easy to grasp 

Third, there u the structure exemplified by the filing rules of the subject 
catalog.**'*’ To the extent that such rules are formalized, they impose a 
sequence on the vocabulary (that 1$, subject authority) designed to bring 
together these terms that are related, although the result is a structure only In a 
local sense 

Fourth, there are the several approaches which start from the premise that 
semantic structure is derivable from slaluiicaJ associations among terms as they 
are used together.**'** These seek to decompose-agam m the mathematical 
sense-the matnees which desciibe the degree of association among terms 
Whether the technique is factor analysis, eigenvalue analysis, clumping, or 


** Peny, Junes W , Allen Kent, and M M Beny, Machine Literature Searching New 
York. Inteiscience, 19S6 

*’ Thesaurus of Engineering Terms, Engineeis Joint Council May 1, 196e 

** Tyaginauiajin, T., “A Study in (he Development of Colon CUuification*',/4mer(cen 
Documentation, 12 (4) (Oclobei 1961)270-278 

Richudson, E C , Classi/Icalioei Theoretical ami PracticaL New York. Wilson, 19J0 

** Hayes, Robert M, 'The Decomposition of Vocabulary Hierarchies” m Kiell 
Samuelson, Mechamied Information Storage, ReoievaL and Dissemination Amsterdam. 
North Holland, 1968, pp 160-191 

* ' Culler, Charles A , Rules for a Printed DecMaety Cetshg, Government PrinUng 
OfTict, 1872 

** Coates, E J . Subject Catalogs, Headings and Structure London The Library 
Aisoculion, 1960 

** Alien, Thelma E, and Daryl Ann Dtctasaa.NewRidesforan Old Game Vancouver 
V/ttreratfof BMislt Cahaiibii, 1967 

* SoKaL Robert P , and Peter H A Sneath, Principles of Numerical Taxonomy San 
Francisco Freeman, 1963 

Stevens, Mary E., et aL (eds.), Stattsocal Association Methods for Mechanized 
Documentation Government Printing OOke, December 15, 1965 
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litent-clau analysis, (ho approach it almost (he same nic only leal differences 
he m the particular choice fur Ute measure of association 

FifUi. there is an approach that lias masqueraded under a variety of 
names— “Scan-Column Index” of Claue Schultz. ■** “Multi-List of I*tyssciat Uic 
Univctaly of Pennsylsama.” More oi less the methodology simply develops 
groups of terms by assigning each term to a poup whose existing members have 
never been used wiili it. In tlui way. a single field of tJic record can be assigned 
to all terms in a poup wnlhoui fear of ovtilap Tlie result may be a weird sort of 
structure, but pcihapi not. In fact, tins methodology is implicit m all fixed field 
format item records, altliougit of course one would not normally consider 
derismg them m so mcchanial a fashion 

Mtin-Machtne Cotntnuiucalion. Man-machine dialogue invoUcs four things 
(1) a set of allowable input symbols by wjuch the man can communicate. (2) a 
data base avaUable to the machine. (3) a set of message forms or “stercot)pes 
by which the machine can combine the input symbols with symbols from us 
data base and effectively communicaic, and (4) a strategy or pattern of choices, 
by which either the man or the machine or both can determine die sequence 
Figure 20 6 presents a schematic of the decision processes in such a dialogue (u 
exhibited in a ptopam for computer-aided instruction).* * 

These issues arc especially sipuficanl in systems that try to handle natural 
language, in particular, the commurueation problem is almost insurmountable 
because of the size of the vocabulary that must be stored in the machme (in the 
dictionary), the depee of semantic ambiguity arising from the number of 
different meaiungs that a word can have, and the limited number of syntactic 
patterns that the machine con recognize. 

Indexing. Abstncling. and Coding Since an information system deals wth 
descriptions of thinp essentially external to it, some means must be provided for 
selecting pertinent charactensucs for dcscnplion of particular ihinp and for 
properly combining them into records. This results m the assignment of ter^ 
from the vocabulary which then become the content of conespondmg records 
A useful way of visualizing the result of the assignment of terms to records is the 
"record-term” matrix shown m Figure 20 7.*’ Methods for selecting terms to be 
assigned to a pven document include statistical clues, “syntacuc” clues, and 
“semantic” clues, based on the form of the input data. 


Schulu, aaire. “Gcneulued Computer Method for Infoimalion ReUieval . American 
^•ociimen/flnon, 14 (January 1963). 39-48 , 

’ Lericoviti, David, and N S Piywes. “AuloroaUe Stialification of InfoimaUon 
Conference Proceeding. American redeiilion of Informalion Processing Societies. 1963 
** Suppes, Patnek, Computer Aided Instructional System for SlathemaUcs. Stanford 
University. 1966 , v i, 

Becker, Josph, and R M. Hayes. Information Storage and Retrieval New York 
Wiley, 1963, Chapter 14 



762 InfomutioD Science in Librananship 

notations developed for representing the assocuttons involved m a subjerf 
authonty-those of Western Reserve System.^ of the Engineer’s /oinf Council, 
and of the colon classifications “ 

Many systems stop at this point and assume that the subject authority or 
thesaurus u sufficient However, usually some attempt is made to impose a 
further structure on it-a classification 

Fust, simply to set the one end of the spectrum, we have the purely intuitive 
appioach to classification, the organization of a field of knowledge— including its 
vocabulary— based solely on a view of what is “rational " The methodologies are 
the classical ones of taxonomy ** 

Second, there is a methodology, called “facet analysis,” by which eaih term 
in 3 thesaurus can be represented by Us position relative to each of a set of 
fundamental facets, as an ordered array.*'* In this way, the inherent structure of 
the vocabulary is displayed m a stm[de form, easy to grasp 

Third, there is the structure exemplified by the Jilmg rules of the subject 
catalog.**"** To the extent that such niles are foimalized, they impose a 
sequence on the vocabulary (that is, subject authority) designed to bring 
together these terms that are related, although the result is a structure only in a 
local sense. 

Fourth, there are the several approaches which start from the premise that 
semantic structure is derivable from statistical associations among teims as they 
are used together/*’** These seek to Aecomposg-aguri In the mathematical 
sense-the matrices which describe the degree of association among terms 
'K'hethet the technique is factor analysis, eigenvalue analysis, clumping, ot 


** Peny, James W , AUen Kent, and M M Berry, Machine Litentiut Searching New 
York. InCerKience, I9S6 

Thtiaunti of Enpneenng Terna. EnsmecnJoratCouncil May 1, 1964 

** Tyaganatarsjan, T , “A Study in che Deveh^ment of Colon ClmitiMtoa",Amencan 
Documenwion, 12 (4) (October 1961) 270-27S. 

*’ Richardson, E C , Qassificatian Theoretical end PntcncaL New YoJ)uV/>lton, 1930 

tUyei, Robert M., 'The Decomposition of Vocabulary Hierarchies” m KjeU 
Samiielson. Hechanued Information Storage. Jteirrei'04 and Dissemination Amsterdam 
North Holland. 1968, pp. 160-191 

*' Culler, diaries A . Rules for a /Vvirei Dictionary Catalog, Government Printing 
ORice, 1875 

** Coates. E. J , SabiecI Catalogs, Headings end Structure London The Library 
AuocuuoQ, 1960. 

** Alien. Thelma E., and Daryl Ann DKki»>n,JVewRuJeiforan Old Game Vancouver 
Unn^aly of Brimh Columbia. 1967. 

SokaL Robert P. and Peter H. A- Soeath. frinciples ofSumenca! Taxonomy San 
Francisco Freeman, 1963 

* Stevens. Mary E.. cL aL (eds.), Slatistital Associalion Methodt fot Mechanised 
Dotfumenraftort. Covernment PnnUngOHkc. December IS, 1965. 
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latent-dau analysis. l]ie approach is almost the same The only real JilTerences 
he in the particular dioicc for ilie measure of association 

Fifth, there it an approach that has masqueraded under a variety of 
names-‘*Scan-Column Index" of Cbuc Schultz.'** “Multi List” of I’rywcsat the 
University of Pennsylvania More or less the methodology simply develops 
groups of terms by assigning eacii term to a ^oup whose existing members have 
never been used with it In this way. a single field of the record can be assigned 
to all terms m a group without fear of overlap The result may be a weird sort of 
structure, but perhaps not. In fact, ihu methodology is implicit in all fixed field 
format item records, although of course one would not normally consider 
deriving them in so mechanical a fashion 

Man-Machme Coinmunicatton. Man-machinc dialogue involves four thmgs* 
(1) a set of allowable input symbols by which the man can communicate, (2) a 
data base available to the machine, (3) a set of message forms or “stereotypes” 
by wluch the machine can combine the input symbols with symbols from its 
data base and efTectively commurucate. and (4) a ttialesy or pAtiem ofehotcer, 
by which cither the nun or the machine or both can determine the sequence 
Figure 20 6 presents a schematic of the decision processes m such a dialogue (as 
exhibited in a program for computer-aided instruction).* * 

These issues are especially stgnincanl m systems that try to handle natural 
language In particular, the commumaliott problem it almost insurmountable 
because of the size of the vocabulary that must be stored in the machine (in the 
dictionary), the degree of umantic ambiguity arising from the number of 
different meanings that a word can haw. and the limited number of syntactic 
patterns that the machine can recognize 

Indexing, Abstracting, and Coding Suice an information system deals with 
descriptions of things essentially external to it, some means must be provided for 
selecting pertinent characteristics for descnption of particular things and for 
properly combitung them into records. Thu results in the assignment of terms 
from the vocabulary which then become the content of corresponding records 
A useful way of visualaing the result of the assi^ment of terms to records is the 
“record-term” malnx shown m Figure 20 7.** Methods for selecting terms to be 
assigned to a given document include statistical clues, “syntactic” clues, and 
“semantic” clues, based on the form of the input data. 

** Schultz, Claire, "Generalized Computer Method for Infoimation Retrieval'', >lmrricjn 
Documentation. 14<lanuaiy 1963), 3948 

t-ethovilz, David, and N S Plywe*. “Automatic SUatification of InformaUon'' 
Conference Proceedings, American FedeiatuKic^ Information Processing Societies, 1963 
* Suppes. Patrick, Computer Aided Jndruaional Spslem for Mathematics Stanford 
Univeraty, 1966 

Becker, Joseph, and R M. Kayes, lafiirmation Storage and Retrieval New York 
WUey, 1963, Chapter 14 
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The ttorage of thcM desaipliontinvoivci the dermilion of a set of “formats" 
or data structures, as discussed tnQupler 6,w}uch provide not only the facility 
for the assignment of allowable tenns to a description but the facility for 
allowing their interrelationships in that desaiption as well, by the use of roles, 
links, and standard syntactic patterns 


Figura 20.7 RccoKt-term msUie 



*Tti« «tem«ot t/f u uken *s I if leim T/ Is 
uicd m record /t| tnd is uk«n u 0 if not 


Problems in Stonge and Retrieval 

The second set of problems that we shall discuss arises in the storage and 
retrieval of data. One problem, 'Tile organization," includes counterparts of filing 
rules for sequencing of a catalog; in addition, however, indexes and cross mdexes 
must be constructed to aid the processes m direct access to data The second 
problem, “evaluation of relevancy," and the third, “strategy of search,” are 
counterparts of reference work and relate to the problems of locating and 
evaluating references 

File Organization. 

Strangely, the area of file organization has been remarkably neglected as one 
for study by the documentalists In fact, only the data processing specialists, 
concerned with the effective utilization of mass storage media, have devoted 
analytical attention to it * ” Yet, this area is as central to hbrananship as that of 
vocabulary development and control. 

Perhaps the comparative neglect results from the tendency to identify file 
organization with vocabulary oipmzaUon, to consider that physical organiza* 
tion necessarily reflects the inteUectual one. This view is such a superficial one 
that some basic problems in file organization have been obscured and neglected 
Meadow, Charles, 77ie/4nob'nr<>f/a/on)«rKMi^sTems NewYorl. Wiley, 1967 
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Underlying the need for file organization u the fact that m large files it is 
impossible to consider scanning the enbre file, looking for desired items or 
information. We must therefore select, on the basis of some simple entena. a 
relatively small set of items that can then be examined more deeply Evidently, 
the problem is the development of a suitable structure by which to provide a 
mechanism for successive screening Figure 20 8 is a schematic representation of 
a file system 

Figure 2Q.8 File organization and structure 

Master File 

(Rows of Documcnt/Tcrm Matrix) 

Address Record Index to Master File 



Ooa Indexes 

(Columns of Document/Teim Matru) 


Address Record Index to Cross Indexes 



In all of the methods of file organization, file sequences must be established, 
because the records must each be stored ui some location The choice of 
sequence, however, becomes important, since the location of a record is the 
place to which the computer must later go to retrieve it In most systems, fife 
sequence is usuaUy determmed by one field of the record format, called the 
record identifier (document number, for example), the set of records being 
stored in numencal or alphabetical order accoiding to the values m that field. 
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Tlie obvious Tile structure is Out which, in fact, has obscured Oie difference 
between vocabulary siructuro and Hie structure use the structure of the 
vocabulary-the subject headings, the class numbers, and the key-words. The 
advantage of Ous method is its relative case and simplicity, it is a faiiuhar 
approach, and therefore one that anyone can understand. Superficially, it 
appears Out Ous is the cnleuun for orsanization in vjflually all libraries 

But theic IS anuOiet method fur file organization that has been used, almost 
unconsciously, to an equal extent. This js the method of “actiHty" organization, 
based on the concept of making readily avadable the itenu in the file that are 
Ukely to be used. Of course, this begs the question of what is meant by 'Tikely 
to be used” and of how it nught be measured. Recognizing the difficulties, 
however, we must also recognize that there arc many cnteria, nrtuaily any of 
which may have dericicncics but will be praynatically adequate The real 
question IS how to derive a file organization from (he one chosen The result of 
Uus approach miglit be to nuke a single w«U used book as available-both 
physically and intellectually-'as large categoncs containing many books 

A third approach is a much more speci^tive one. It bases the organization on 
the similarity of items, and groups together items that aie similar Again, this 
begs the question of how sicrularity is to be determined. It is this question that 
makes the method so speculative; however, it should be recognized that 
Organization by subject or class number really represents the use of a simple 
measure of stmdarity*>concern with a commoa subjeet>so as we extend our 
knowledge of the intellectual concepts of relevancy, we should correspondingly 
extend our concepts of file organization. 

Whatever method of sequencing is used, the computer can find a desired 
record in the master Tile only by knowing where it is located (that is, by “direct 
access”) or by looking at every record until it is found (that is, by "sequential 
acxess”) Since sequential access in large Hies can be very time consuming, 
indexes must be established which tell the computer the locations of records 
with desired characteristics An example of this is the “inverted nie” or “term 
oriented file,” in which an “index record” u stored for each term of the 
vocabulary. It lists all master file records to which that term has been applied 
(that IS, It stores the columns of the "record-term” matrix, whereas the master 
file stores the rows) 

AnoUier kind of indexing stiucture is designed around the concept of “lists.” 

A list is a succession of records m which each record contains the address of the 
next record in the list (except the last one, which tray reference the first record 
in the list so as to produce a closed list) A list may be established to correspond 
to a given term, with the records ui the list being those to which the term has 
been assigned The “term file” would then need to conlam only the address of 
first record in the list, subsequent ones bemg addressed from one record to the 
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Relevancy An information system functions by anaJyzing data “relevant” to 
a need for processing of it * ' The problem of detennjning the relevancy of data 
to a need relates partly to the requucments of the user, partly to the manner by 
which a request is desaibed, and partly to the efficiency of operation which 
requires the use of a succession of “saeens,” each with its own measure of 
relevancy or de^ee of match. The final screen is the user himself, using his 
sophisticated criteria and applying them to the most complicated foim of the 
stored data But, since he cannot afford to do this to the entue file of 
descriptions, preliminary saeens are used to reduce the file to a size that he can 
handle. 

Requests come in a variety of foims. They differ in detail, in accuracy of 
descnption, m area of subject interest, and in the form of information desired 
Some of them are standardized and can be answered by preprinted reports 
Othen are “standing requests,” used for “selective dissemination of mformation” 
(SDl) to the requestor as data is acquired*’ Others represent needs that 
requue a personalized search of the file In all cases, the request must be 
expressed in a form that can be matched against the stored records, by 
identifying terms that should appear m speafied fields in the desired records (In 
data base systems, many of the “terms” are numencal values recorded in a field, 
and both single values and ranges of values may be requested, usmg the 
relationships “equal to,” “greater than,” and “less than”) The terms are then 
combined m Boolean expressions, using logical AND, OR, and NOT. For 
example, a request might specify that field 1 is to contain terms <4 1 01A2 or /fa, 
Dial field 2 is to contain values greater than B, and that field 3 is not to contain 
term C. The request would be expressed as 

Field 1 (A, ORA2 ORA,) AND Field 2(>B) AND Field 3 (NOT Q. 

In reference letneval systems, identifyug the terms that best express a 
lequest usually tequues a “dialogue” between the requestor and the stored 
thesaurus, in which words the requestor uses lead him to equivalent words m the 
vocabulary. Sometimes a requested term must be “ex^oded,” because the 
thesaurus indicates that it is related to a number of other teims with similai or 
more specific meanmgs by which documents may also be described. These terms 
must be connected by logical “OR” m the request descnption For example, the 
requestor may ask for subject A, and the thesaurus may mdicate that subjects 
A I and A j are more specific and that subject B is similar The request term A 

Cuidii. Cailos, On the VnUly of the Relevance Concept. System DeveloDment 
Coy)otalion. Much 18, 1964 

See.foi example, the sundaidaed bsis produced by NASA 

Luhn. H. P . “Selective Dissenuuatioa of New Scientific Infonnation with ihe Aid of 
tlecUonvj Piocesaivg Equipment," AmentanTiocumentatton, 12 (Apnl 1961), 131-138 
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vvoutd ihen be exploded and (he request would become 
SubjcctM OR /I, OR/l> OR/)) 

In text processing systems, a request can be formulated in the same manner as 
in a data base or reference retrieval system, with ruugtrly comparable problems 
On (he other hand, part of the rationale for text processing is that requests can 
be phrased as ordinary English sentences, with negligible effort on the part of 
the requestor (but. of course, with complexity in the programs required to 
translate them and process them comparable to that in handling the stored text). 

Once a request has been formulated, records must be examined to determine 
whether they are re/aani to it. Since relevancy is an ill defined concept, the 
computer program will use a simple measure of “degree of match,” such as the 
number of terms in the request which appear in the stored record Tlie records 
that nulch most closely are then treated as relevant, insofar as the computer is 
concerned. However, with large files, it becomes too lime consuming to compare 
every record with the request, and index files ate used to locale those records 
which will be malclied This process of comparing the request with index records 
constitutes the search of the file. 

Strategy of Search Searching of files thus involves a succession of scanning 
records and their surrogates, matchmg them vnth requests, and selecting relevant 
ones However, since the matching is uncertain (both because of uncertainty and 
error m description and because (he surrogates represent groups of i(ems), (here 
IS a problem of strategy of search. Basically, in search throu^ a file, a decision 
must be made between pursuing a direction of search or changing to another 
direction In doing this, consideration must be given to the reponse time, the 
required reliability of the result, and the cost of the search process itself. 

The result of the search process wiU be the retneval of a set of records which 
the system presents to the user as the "relevant ones ” At this point, the 
effectiveness of the entue operation becomes an issue.** The user usually wants 
some assurance that most of the relevant material has been found Otlierwise, he 
Will feel great uncertainty as to wdietber the records he really wanted may not 
have been missed Furthermore, he also wants assurance that the material given 
him IS not largely irrelevant Otherwise, he will spend a great deal of his own 
time in effectively wasted effort screening out the irrelevant matenaf. these two 
issues have been charactenzed as "recall ratio" and “precision ratio ” Hie former 
IS extremely difficult to measure, because of the lack of knowledge of how much 
was “really" m the file The latter is easy to measure and leads to quite 
strai^tforward measures of cost/efTcctnrencss 

** Lancaster, F W, Information Httnerd Syttems Charactemucs, Testing and 
Evaluation New York Wiley, 196* 
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Problems in Data Analysis and Presentation 

The thud set of problems that we shall discuss arises in the analysis a 
presentation of data One of the problems, “data organization," is quite simp 
amounting to the aitangement of data in a prescribed order Another proble 
“question answermg,” is so comidex that some researchers leel that it 
impossible to mechaiuze 

Data Organizatioit Usually, file man^ement systems include capabilities I 
“report generation " These allow specifiution of output formats, si 
sequences, and simple statistical summaries For example, retneved referen 
may be ananged in “order of relevancy,” m duonological order, m alphabeti 
order by author, in filing sequence, and so on A typical format is the KV^ 
index, which sequences titles m order by key words contained in them T 
problems m producing desired arrangements are not difficult 

Question Answering On the other hand, the problems mvolved m makj 
logical inferences from stored data-in “answering questions”-are unmen 
Programs hase been written that %vil| carry through syllopsms, that will analj 
implications according to the propositional calculus, and Uiat will analyze recc 
Interrelationships according the the predicate calculus Figure 20 9 gives a list 
expenmental question answering systems.^ ^ All of them are highly speculati 
and each is severely linuted-by file sue, by complexity of logical analysis, a 
by kind of language 

ROLE OF information SCIENCE IN UBRARY EDUCATION 

In light of this picture of mforniation science and us relationship 
bbrananship, what are its imi^icalions for library education^ They amount 
this: library education, as it now exists, is concerned with professional nee 
with particulars, with “functional” education, and with techniques as they 
used in existing library environments If questions are raised in the educatic 
process, they arc answered in terms of the cnvironmentsand the solutions that 
already operational. The result, at wont, is the education of a set of well-trai 
clerks, familiar with all of the rules and all of their exceptions, able to fit i 
any existing library situation, but unable to adjust to a new one At b 
although creative minds will be able to remold the solutions developed m 
past and will be able to adjust them better to meet a new environment, they 
be constrauied to the fanuliar paths m doing so 

e)f 

Luhn.H P,/rc>-»wrfMCi>»if«r/orrecft/Mcfl/tKe/afiiiT, IBM, AugusI 1959 
' lUyei, Robeii M . Review of Asa Kssher, Data Reirural by Compuier in Amer 
Documentation. 18 (3) (luly 1967). 187*189 
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Unfortunalely, Uus kind of education, while il may very well meet the needs 
of some libraries, completely fails to meet the needs of new information 
environments or the needs of growth in undeiitandtng of the library profession 
itself Metcalfe said, "Lbraiians are not without blame in having degraded 
cataloging and cJasufying to fixed techniques or routines, in having allowed 
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Figure 20 9 (ponitnued) 
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SO much to be identified with the popular hbraiy and its smpie needs *'* * Jt is 
Wider needs that education m mfomulion science hopes to meet Huough a 
cntical examination of how solutions arc developed, we can educate personnel m 
the general foundations on which any solution can be developed 

Does this imply that librarians cannot operate libraries without an education 
including information science? Certainly not. In fact, it is not even clear that 
such education will produce “better” libranans However, it is clear that we are 
dealing wnh an increasingly complex world and that the problems that libranans 
face are correspondingly complex. If they arc to cope with them, they must have 
sophisticated, objective, well.defined tools to do so 

To pursue this last point further, it u evident from history that each 


Metcille. John, /rt/brmafian /ndexing auf Su^el Cataloens New York 
1957, p 1$ 


Scarecrow. 
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generation, each person in fact, learns anew the lessons of the past At a 
superficial level, it may appear that we learn nothing new, that the fundamental 
truths are always the same But it roust be recognized that tn each era, althoueh 
the truths may be the same, the context is diirerenl. the structure of it is more 
complex, and the problems in it arc larger. Tlus forces us to leam anew because 
the fundamental truths are really abstracUons and each generation musi wew 
these abstractions in totally new situations and, usually, m more complex ones 
Even at the very simplest of leveb, consider the situation for a hbrarv school 
graduate, perhaps with two or three years of operating experience who i 
Way or another faced with the installation of a new Jjbrarv n r ' 
center Recognize the problems that be is faced with' ^ ^ ormation 

He IS working under a very limited budget, perhans i,..w ir ^ 
a clerk Should he use the orgamzabon’s data processing ,■ * 

to sopplement the l.mled help! Bertmp, he can use ,t mlhoto™'. 
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m fact, using it may even strengthen his own position What should 
he have the equipment do’ 

He IS woiljngma relatively undefined mfo/mation environment— no 
acquisition poliaes, no source definition, no prescribed services and 
little knowledge of the needs rflus clients How should he develop 
policies, sources, and services’ How does he determine the needs of 
chcnts’ 

He IS working m a highly specialized field for which no established 
glossary exists and for which standard classifications are not 
adequate. How should he develop a giossaiy and classification 
adequate to the specialized needs and yet well controlled and 
compatible with broader ones’ 

He has no well-defined aitena for indexing, for file organization, 
and for all the other technical processes he must mstall How does he 
create them? 

It IS clear that what we have defined are the problems of hbraiianship, 
whether we view them in the context of information centers, special libraries, 
large research libraries, or the public bbrary. Even for the librarian in an existing 
Lbrary, where his problem may be limited to the clerical aspects of library 
operation and whether to automate them or not, the librarian is faced with 
many questions for which he has few tools for assistance If he is further faced 
with such problems as a change of classification system (from Dewey to LC) or 
addition of new fields of interest such as technical information for small business 
and mdustry, the lack of tools becomes almost embanassing 

The purpose of infornution saence ts to develop the tools needed for these 
decisions, and its role in library education is to provide the student with the 
basic abilities to use those tools 

General Nature of Information Science Curricula 

Unfortunately, however, programs for education m mformation science have 
been defined in such a variety of ways that it is almost impossible to extract a 
common curnculum from them Let os list a few of the existing kinds of 
programs. 

1 . Some schools (all of them library sdiools) have identified information 
science wuh the use of computers in libraries. Thus, such schools will imply that 
they have an “mformation science curnculum" if they have added one or two 
courses on "data processmg m the libraiy." The confusion created by this 
definition has been compounded by federal legislation m its references to 
•Lbraiy and mformation science ” which has frequently been interpreted in this 
sense. 
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2 Sonic sc)iool5 (alj of iJirm librsry idiools) fuve iJcnliftcJ infornulion 
science with “science inforinjliun" and usually rcgaid U as synonymous with 
''documentation “ Sudt schools will add courses on “Indexing and Abstracting,” 
on The Management of Information Centera." and on “Mcchanued Informa- 
tion Ketricvar as llicit curriculum on information science 

3 Some schools (usually, cnpneciing sdiools) have identified information 
science with computer science, often with emplusis on the use of computers for 
processing natural language, on “question-answering,” perhaps on heuristic 
programming and “artiflaal intelligence ” 

4 Some schools (usually, engineering schools) have identified information 
science with communication theory and regard it purely as a subset of their 
existing curricula. 

S. Some sdiools (of a variety of lomls-medicine. urban planning, business 
administration, engineering, and librarianship) luve identified infornution 
science with the design of inforniation systems in their own specialized fields of 
interest (wiUi patient monitoring systems, with uiban data banju, with 
management infornution systems, with command and control systems, and with 
library systems) Usually, they will call their curricula “Information Systems” 
curricula and include courses on system design and on the application of 
computers to their specialized field. 

6 Some schools regard information science as a discipline m its own right 
which, although applicable m many fields, has its own problems of research 
interest and its own “discipline” Sudi schools wiU include both theoretical 
courses (drawn, usually, from the formal disci^ines of mathematics, logic, and 
perhaps linguistics) and applied courses (from fields like psychology, engineer- 
ing, or nucrobiology) 

With such an array of differing views, it is natural to expect a comparable 
array of curricula. At the moment, four have been most clearly defined and 
identified with information science Figure 20 10 presents a comparison of the 
different emphasis they will place on different courses Of the four, the first and 
second are unlikely to be adopted by a library school TTie third and fourth, 
however, are of great importance to library sdiools We shall, therefore, provide 
more detailed description of possible course content for them m a library school 


Curriculum in Data Processing in the library 

There is an unprecedented demand for understanding by librarians of data 
processing technology and of its appUcation in libraries In part the needs have 
been met by data processing dimes, special short courses, and ad hoc training 
programs by which existmg library persoimel have been mtroduced to the 
technology. 
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Figure 20.10 Vanoutcouxw eiriphases. 
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These measures are mere stopgaps, hoMwver. The needs are far greater than 
such measures can satufy, and Uie only real scdutjon js a contmumg flOH- of 
graduates from professional library schoob with this kind of knowledge already 
an integral part of their education Of course, school after school has recogruzed 
the need, and each is struggling to find ways of including data processing in its 
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nurtcuJum tnthout perverting the etsentb) cbaf2cter of library education. Tiie 
difficullies are great: Wlicie do we gel the facidty to teach tuch courses? How do 
we design them aiound the (jualincatioiu and interests of students, the nujority 
of whom have lud nontechrucal academic backgrounds and are frequently 
alarmed by the “other culture’** How do we reconcile the deep-seated 
humanistic traditions of hbratianship with the formalistic approaches of 
technology? /n other words, how do we place tyitems 3na}yiis. data processing, 
and information science in proper pcispeclive with the traditions and profes- 
sional requirements of librarianstup? 

The particular approach, summarized in this section, is the one that was 
adopted as part of the MLS program at (he Umvctsity of California at Los 
Angeles. It consists of a succession of three courses The first is a relatively 
elementary introduction to the principles of syslerm analysts and data 
proassing, with emphasis on the judgmental issues in evaluation with wluch the 
librarian sliould be concerned, it is a required course for all MLS students. The 
second is a detaded examination of data processing applications to library 
operations, with emphasis on computer programming and on methods analysis. 
It IS an elective for ,MLS students. The third is a detailed study of the methods 
and techniques of systc/re analysu as applied to information systems; it js also 
an elective for MLS students. 

The next few Kctions summarize the content of each of these courses, the 
approach to a presentation of them, and the major pedagogical tools used in 
them As such, they desaibc Uie particular approach used at UCLA, however, 
comparable courses, with different emphasis but with basically the same kind of 
content, are nowin existence m a large number of schools 

Introduction to Library Data Processing Systems The purpose of this course 
IS to introduce the MLS student to the technology of computing in such a way 
that he will view it m the total context of library purposes and goals, not as 
either a panacea or a disaster. The emphasis is therefore on the systems 
approach, which starts from goals and purposes, which continually evaluates 
alternatives m terms of them, and which views data processing technology as 
simply one tool among a large variety that can be used. 

The structure of the course can be seen in the sequence of topics shown in 
Figure 20.11. It is organized around an 11 to 12 week quarter. The weeks can be 
roughly divided mto three parts: the first week, which is an introduction, the 
next five weeks, which present the general issues involved m systems analysis, 
and the last five weeks which present data processing technology. Normally, 
there will be a written examination after week six and a final examination (as 
shown) in week twelve The course roughly covets the material of Sections 1 to 
3 of this book. 

Duimg the first week (the mtroductory section), the intent is to familiarize 
the student with the general cemtext of hbrary data processing today, with 
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emphaas on the growth of library networks, the vanous federal mechanization 
projects, and the like These provide the rationale for the immediate interest m 
hbrary systems analysis and thus represent an incentive and stimulus to student 
interest. 


Figure 20 II 
Course outline 

Introduction to bbtaiy data processing systems 


Week 1 Current Trendtin Library Data 
Piocessmg and Networks 

2 The Approach of Systems Analysis 

3 Defirution tit Library Goals ard Directives 

4 Planning and Implemeniuig Libtaiy Systems 

5 Methods of System Descnption 

6 System Cvahiaiwn and Cost Accounting 
7. Coding of Data 

8 Input, Output, and Display of Data 

9 Punched Card Processing 

10 Storage of Data 

11 Computer Hardware and Sohware 

12 Fmal Examination 


The second section presents a somewhat traditional approach to systems 
analysis but with perhaps an unusual emphasis on criteria for evaluation Among 
the traditional techniques covered are included flow charting, Gantt charting, 
time and motion study, forms design, procedural aiulysis, and the like In this 
respect, the content is comparable to typical “methods analysis” courses But 
durmg weeks two, three, and six, the importance of evaluation is heavily 
emphasized, particularly in terms of qualitative cntena of library effectiveness 
The section then concludes with discussion of cost-effectiveness as the basis for 
modern system evaluation and, in this omtext, the possibility of a cost 
accounting system for library operations is presented as a tool for hbrary 
administration as well as the basis for design and evaluation of new systems 
The thud section is also a tiaditional approach to the teaching of data 
processing technology, except perhaps for the relatively greater emphasis placed 
on codmg and storage of data, with the “computer” as such being presented 
only at the very end of the course. As a result, the student is given only enough 
knowledge about the role of programming for him to appreciate, on the one 
hand, the immense capabilities which the programmed general purpose computer 
provides, and, on the other hand, the even more itnmese problems which arise 
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'Alien the programs must be v,iittcn lo make them a tcaliiy- In this respect, the 
primary point of the entire course » brought to a final focus Hie issue is never 
"Can (he computer do it?” (which the students atw-ays start by asking) but 
rather "Should it?” 

Tlie sequence of piescntaliun and the relative emphasis rcDcct the necessity 
of teaching students who. even though they may be mature graduates have little 
knowledge of even sudi simple topics as binary coding tlie intent, therefore, is 
to bring the students step by step tiuougli tlieanthmetic of coding, the methods 
of communicating with nuchinery. and the various means of storing data in 
machine-processible form before discussing processing The emphasis on 
"storage" is particulaily important because il reflects the diaracter of the library 
problem in contrast with other applications of computers 

Hdta 1‘roctiiuig in the Library Hus course covert the applications of data 
processing to various library operations, as a natural successor to die course on 
library systems analysis discussed above. Figure 20.1 2 presents the sequence of 
topics to be covered, based on art 1 1* lo 12-w-eek quarter Apin, Uie course can 
be roughly divided into three sections, the fitst, an introductoiy week presenting 
the concept of "total library systems"; the second, a seven week coverage of 
essentially clerical areas of library operation, and the thud, a three week 
coverage of those applications in support ofthe intellectual, service functions of 
library operation. As can be seen, (he course roughly covers Section 4 of this 
book 

pQure 20.12 

Course otiiime Dau rroccssmsui ihe bbrsry 
Week 1 Total TtbrafV Synen>$ 

1 Library Adminuiialive System* 

3 Acquistion* and Ordering Syslem* 

4 Catalog Produclioo 5y*lem* 

3. Senal Rccoid Syslcres 

6 Circulation COnliol System* 

7 Interlibtary Loan Systems 

8 Tile ConversioD and Input Systems 

9. Subject Auihonty Control Systems 

10 Mechanized Indexing Systems 

11 Information Retrieval Systems 

13 fwiltximimtioa 


This course includes the use of a laboratory of computer programs, 
representative data bases, and peripheral devices so that the student can obtain 
actual experience in the operation of computer based systems Each class is 
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required to program-m some appropriate language-an expansion of the existing 
set of operating programs 

The succession of topics is not very startling, smce the purpose is to covet 
specific parts of library operation within the context of the totai library system 
Therefore, the only real issue is the structure of the presentation of each topic 
Bnefiy, it can be summarized as follows Eadi area of operation is described m 
terms of its goals, and then analyzed into component functions Then a number 
of alternative ways of executing those functions are presented and evaluated in 
terms of their relative effectiveness Where the laboratory mcludes representative 
programs for speafic functions, they will be mduded among the alternatives 
presented 

MetJwds of Infomotum System Analysit and Design The third course has a 
very dilTerent concern. Us emphasis is on the analysis and design of mechanized 
systems for mformation handling To an extent, of course, there is an area of 
overlap with library operations, such as those involved in the control of subject 
authorities, m mechanized indexing, and m reference woik. However, these are 
simply examples from the library of comparable functions that arise in the great 
number of other areas of computer appbcation-management information 
systems, Infonrution centers, socioeconomic data banks, and the like The 
purpose of this third course u lo provide the student with the methods for 
analysis and design as they may be a^Ucable in a broad variety of fields 

The structure of the course can be seen from the outline of topics in Figure 
20 13 The course starts with a sumiiury of the available methodology of system 
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design-operations icscaidi, cosl/eflectivcMss measures, mrurmation theory, 
and control systems theory. It then presents each of the primary problem areas, 
in turn, in ilie rrunner outlined below it concludes wiUi a summary of 
approaches to evaluating total system performance Tlie course represents a 
fiiily typical coverage of tlie different issues rnroJvcd m the des/grt of specialized 
information systems. Tlieiefote. again, the only real issue is the structure of 
presentation of each topic Lach area of interest (as outlined in Figure 20 13) is 
described. Tlien the set of available methods for handling the problems is 
presented, using diusirative examples from the variety of types of information 
lyslenu. FmaJJy, larioui criteria for measurement of performance arc presented 
and, where possible, they are embodied in a theory appropriate to the problem 
area. 

A term paper is used as a primary peda^opcal tool Each student chooses an 
infomution system of interest to him (the choice being made in the second 
week of the course). Because of the variety of backgrounds from which students 
come (from business administration, cngincenng. education, and the sciences, as 
well as from tlie library school), there is a comparable variety of term papers 
Each week the student proceeds to apply the methodologies presented in class to 
the corresponding problem in the system he has chosen so that, by the end of 
the course, he has effectively designed and evaluated a possible system. 

Summary. The three courses outlined above repiesent one approach to the 
introduction of data processing into the hbiary school curriculum. Their 
organization and sequence of presentation have been designed to accommodate a 
variety of problems that must be recognized: 

1. Lbrary school students generally lack the technical background neces* 
ury for data processing work as such, and yet, as library school graduates, they 
will find themselves in a world where that technology will play an increasingly 
important tole. They must be given a sufOcient orientation to be able to fit data 
processing into the context of library goals and purposes The intent of the 
introductory course is to badge the gap between their existing background and 
then future work 

2 There is a great and ever'growing need for library systems analysts, 
educated as librarians but with the techiucal tools for competent work with data 
processing technology. Fortunately, there is an increasing flow of students into 
bbrary schools with a technical bacl^ound and capacity for systems work But 
they require both a complete pictuie of the present capabilities for library use of 
computers and actual expenence with them The purpose of the second course is 
to /111 this need, with the laboratory as the means for gaining expenence 

3. The development of computer-based information systems is a phenome- 
non of our times. Mechanization m libranes certamly represents one example, 
but perhaps even more important is the extent to which the experience in the 
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Lbrary field is applicable to the vancly of other information systems The 
purpose of the third course is to bring together the highly formabzed methods 
developed in a number of fields of study-operations research, mathematics, 
linguistics, engineering, business adimiustiaUon. and sociology- and show how 
they are applicable to information system design There is a great need for 
adding a new dimension to the character ofhbraiy research, and it has been well 
recognized that "information science" represents one direction which should be 
taken. 


Curriculum in Information Sysieirs Analysis 

A systems analysis curriculum must be designed to provide the student with 
the intellectual orientation and technical tools necessary for successful profes- 
sional work and research m this field. It should provide a common core of 
techmeal knowledge, integrated by a framework of the total field, it should 
provide direaions of specialization within the field, and it should bring the 
student to the point of successful, independent work 

Because of the nature of information systems woik, the student must 
understand the problems m u(r/i;arion of recorded information, the problems m 
operation of information systems, and the problems m their tecfintcal 
implementation. Therefore the common core of technical knowledge must give 
the student the tools for developing has understanding in these aspects The 
direction for his specialization will normally be in one of these three aspects-the 
information specialist being concerned with utjization, the manager of an 
information system being concerned with operational techiuques, and the 
system designer being concerned with technical problems in implementation 
After completing such a cumculum, the student should be prepared to work 
m one or more types of applications.includinglibranes and information centers 
He should be able to evaluate the proper duections to take m aeating new 
systems and manage the progress of systems development through each of the 
necessary phases, from feasibibty study to implementation and operation. He 
should be prepared to work effeclively with each of the groups necessary for a 
system to be successful-with the people whom it will serve, with the people 
who will be responsible for its operation, and with the suppbers of equipment 

Course Requirements and Recommended Sequence The program adopted at 
UCLA composes an integrated course of study in the theoretical and practical 
foundations of information handling. The program is an mterdiscipbnary one 
with emphasis on research and basic pcmaples of mCQtiiH.tvaw ejsfAm design. 
Within this general scope, there are four areas of course work (1) system design 
and mtegration, (2) organization of infoimation records, (3) management of 
mfonnation activities, and (4) use of equii«nent. 
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Such a program, with the thesis icquirement, requires one and one-half to two 
years of work- 

Because of the interdisciplmary nature of information problems, the course 
work of the cumculum is drawn fiom a number of departments and schools 
Specifically. 

1. The core courses of the information science cumculum (“Information 
System Analysis and Design” and “Seminar in Information Science”), those 
which integrate the diverse tools into a single focus, have been placed in the 
School of Library Service because Ubtananship is the profession most com- 
pletely concerned with the handling of mfomiation as such 

2 Other courses providing the students with knowledge of the technical 
tools of system design-statistics, operations research, optimization techmques, 
and the like— are taken m the Mathematics Department, Engineering, or Business 
Administration The specialized course ui Hus area offered by the School of 
Library Service-Methods of Information System Analysis and Design-is 
required of all students in the pogram. 

3 Courses providing the students with knowiedge of the technical tools of 
infomuition service-bibliography, cataloging and classification, and reference- 
aie taken m the School of Library Service. 

4 Courses providing the students with knowledge of the tools of 
management are taken in the School of Business Administration (managerial 
accountmg, for example) and in the School of Library Service (Library 
Administration and the Management of special types oflibranes). 

5. Finally, courses providing the students with knoulege of the computer 
are uken in a number of schools and departments, including the Schools of 
Business Adimnistxation, Engineeiiog. and Pubbe Health and the Departments of 
Linguistics and Mathematics Four specialized courses in this area are offered by 
the School of Library Service— Data Base Systems, Information Retrieval 
Systems, hlanagement Information Systems, and Library Data Processing— and 
the student u required to take at least two of those 

Normally, the student ss expected to spend his first year (three academic 
quarters) ui coune work covering all four areas, the mtegratmg course— Methods 
of Information System Analysis and Design— being taken in the ihiid quaitei. 
The second year is then spent ui developing and wnting the thesis, with course 
work chosen to support the thesis topic. 

Thesis Requirements and Advisory Committee. The thesis occupies a central 
rote m the degree program ft {vovides the means for the students to develop and 
explore a research problem in the design of modem mfonnation systems It also 
provides an instructive experience ui preparing a proposal for a definite project, 
scheduling the work which needs to be done, and carrying out the work itself. 
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As 1 result, the student is better able lo evaluate his own capacity and that of 
others to execute piujccls 

To provide a futinal basis fur deveiopmeni of Ins thesu proposal, the student 
IS required to take a course m research ntethodulosy-aSenunar m Information 
Science-duiing ilie fouitli quarter The course is organized to provide a forum 
for each student pa/licJpating lo explore a problem area in infumiatron science 
(presumably one arising out of the discuuions in (he prior course on Methods of 
(nfornutiun System Analysis and Design). Tlic student is expected to present 
the problem area to the class, tu develop an annotated bibliography of prior work 
tn It. to define a specific issue within the problem area wludi will be the topic of 
his thesis, to propose an approach to resolution of the issue, and lo schedule Ins 
Work over the succeeding two quartets (or longer lime as required) for 
completion of Ins thesis. 

This thesis proposal becomes the basis of tlie student’s subsequent work An 
advisory ‘Thesis Committee" Is csiabbshcd. consisung of two members of the 
faculty of the School of Library Service (one of them the student’s thesis 
advuot) and one from another depailment with specific interest in the area of 
the thesis. The Committee reviews die theas proposal, makes recommendations 
Concerning related studies, the validity of the proposed approach, and the 
conduct of the study itself. The Comnuttee also conducts the final examination 
and approves the thesu. 


Suggested Readings 

The literature of “inforniation scKnce” is as dnerse as the set of de/lnitrons 
The following references, however, will provide the reader with introductions to 
It 

Becker, Joseph, and Robert M. Uiyc%,lnforimUQnStorast and Retrieval Tools. 
Elements, Theortes New York Wiiey, 1963. 

Although written neatly 10 years ago. thu still provides a useful coverage of 
the systems view of information retrieval systems It emphasizes the need for 
consideration of all aspects in the design of information systems, including their 
usage, operation, techiucal design, and equipment 

Cuadra, Carlos A (ed ), Annual Review of Information Science and Technology, 
Vols / and If, ffew York Wiky, J966 and 1967, Vols III and IV, 
Chicago Encyclopedia Bntanmca, 1968 and 1969 
This IS an annual publication which provides complete and exceptionally well 
wntten reviews of vanous aspects of information science, taken in its broadest 
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Fodor, Jerry A and Jenold J. Katz. TTit Structure of Language Englewood 
Cliffs, New Jersey Prentice-HaU, 1964 

This set of “readings in the philosophy of language” provides an excellent 
overview of the problems with which modem structural linguistics is concerned 
It covers linguistic theory, theones of syntax and semantics, and some 
psychological implications of linguistic theory 

Heilprin, Laurence B , et al (eds). Education for Information Science 
Washington, D C Spartan, I96S 

There has been a whole senes of conferences and symposia held on 
“education for information saence” al which the most prominent feature was 
the diversity of meanings attributed to the subject This one occupies a kind of 
landmark position, smce out of it came a clear picture of the differences It 
therefore serves as both a summary of prior conferences and a prelude to 
subsequent ones 

Lancaster, F. Wilfrid, Information Retrieval Syitems CharaetensUcs, Testing- 
and Evaluation New York Wiley, 1968 
This IS one of the best and clearest descriptions of information retrieval 
systems It provides hisioncal background, it presents the conceptual and 
mathematical basis for evaluation, it illustrates procedures in terms of the most 
eunently viable systems, and it describes the issues in evaluations as they weie 
developed in the Cranfield project and at the National Library of Medicine 
(M£DLAA5> 

Meadow, Charles T., The Analysa oj Information Systems New York Wiley. 
1967. 

Thu emphasizes the systems aspects of information science, especially in the 
context of the organization and search of files. 

Salton, Gerard, Automatic Information Organization and RetrieraL New York 
McGiaw-HiU, 196S 

This book IS based on expenence with an experimental system (called 
SMART), developed by Che author for study of vanous aspects of text 
processmg. It presents details about various techniques for construction and use 
of dictionaries, for statistical processing of term associations, for analysis of the 
syntax of sentences, and for evaluation of letneval effectiveness 

Wiener, Norbert, Cybernetics, or Control and Communication in the Animal and 
thefilachine New York Wiley, 1961 

This book both coined a new word and created a new field of research- 
cybernetics Its thesis was that both animals and machmes (especially com- 
puters) are continually adjusting to their environment By studying the analogies 
between them, in this respect, much could be learned about both ammals and 
machines. 
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GLOSSARY- REFERENCES 


The derinitioni m thu (lomry in thote of the euthotj, renecUns the usage in 
thu book, and not necesunl/ those of any other glossary The reader may want 
to turn to One of the following for more standardized definitions 


A Brief Glossary of Data Processing 
Terms, by G. D. Roth. 1959. IBM 
Data Processing Div., White Flams, 
NY 

ACM ComriutUe on Nomenclslure. 
1957, Association for Computing 
Machinery, New York, N.Y. 

A Dictionary of Documentation 
Terraa, by Frank S tVagner, Jr , 
I960, Amencan Documentation. 

ADP Glossary, 1961, Interagency 
Automatic Data Processing Com- 
mittee, Washington, D C. 

AIEE Subcommittee on Logie and 
Swilchmg Circuit Theory, 1960, 
American Institute of Electrical 
Engineers, New York, N.Y 

Basic IBM Applied Ptogiamimng 
Teaching Glossary, by L Ells- 
worth, 1960, IBM Data Systems 
Div , Applied Prograrormng, New 
York, N Y. 


Bell Telephone Laboratories, Murray 
Hill, N J. 

Bendix Computer Dtv., The Bendix 
Corp . Los Angeles, Calif 
Business Equipment Manufacturers As- 
aocialion, New York, N.Y 
Communications Dictionary, by James 
F. Holmes, 1962, John F Rider 
Publisher, Inc, New York, NY 
Computer Applications m the Behav- 
ioral Sciences. Harold Borko, edit- 
or, 1962, Prentice-Hall, Inc , 
Englewood Cliffs, N J 
Computer Programming Handbook, by 
Robert Nathan and Elizabeth 
Hanes, 1962, Prentice Hall. Jnc, 
Englewood Cliffs, N J 
Dictionary of Automatic Control, by 
Robert J. Bibbero, 1960. 
Reinhold Publishing Co , New 
York, N Y 
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Electronic Computers Fundamentals, 
by Paul von Handel, editor, 1962, 
Prentice-Hall, Inc , Englewood 
Cliffs, N J 

Fundamentals of Digital Computers, 
by Matthew Mandl, I9S8, 
Pienticc-Hall, Inc , Engllewood 
Cliffs, N J 

Glossary for Data Processing Machmes, 
1959, IBM Washington Education 
Center, Washington, D C 

Glossary for Data Transmission Study 
Group, by D E Hannum, 
Noithrup Aviation, Downey. 
Calif 

Glossary for Information Processing, 
IBM Corp , 1962. White Plains, 
NY. 

Glossary of Computer and Program* 
ming Tecmmology, by Mandalay 
Grems, I960, IBM Corp, Corpo- 
rate Div . White Plains, N Y 
Glossary of Computet and Program- 
ming Terms, by O W Peny, 
1959, IBM Corp, Poughkeepsie, 
NY. 

Glossary of Computer Engineering and 
Programming Termmology, by 
Martin H Weik. 1957, Ballistic 
Research Labs, Aberdeen Proving 
Ground, Md 

Glossary of Computer Termmology, 
Computer Department, General 
Electric Co , Phoenix, Amona 
Glossary of Piogramimng and Com- 
puter Technology, by D L 
Mordy, 1960, IBM Data Systems 
Div., Applied Programming, New 
York, N Y 

Glossary of Programming Terms, by 
M Bolsky, 1961, System Develop- 
ment Corp , Santa Monica, CaM 


Glossary of Terms, By R M Herron, 
1960. IBM ASD Div, White 
Plains, N Y 

Glossary of Terms in Computers and 
Dats Processing, by Edmund C 
Berkeley and Lmda L Lovett. 
I960. Berkeley Enterprises, Inc. 
NewtonviUe, Mass 

Glossary-Terms Used in Computer 
Programming and Engineering, by 
W O Bormann, 1960, IBM Data 
Systems Div , Poughkeepsie, N Y 

Guide to IBM 1401 Programming, by 
Daniel D McCracken, 1962, John 
Wiley & Sons, Inc , New York. 
NY 

Handbook of Automstion. Computa- 
tion. and Control, Vol- 2, 1959, 
John Wiley !t Sons, Inc , New 
York, NY 

Installing Electronic Data Processing 
Systems, by Richard G Canning, 
1957. John Wiley &. Sons, Inc, 
New York, N Y 

IRE Standards on Electronic Com- 
puters— Defmitions of Terms, 
1956, Institute of Radio Engin- 
eers, New York, N Y 

Hie Language and Symbology of 
Digital Computer Systems, 1959, 
RCA Service Co , Camden, N J 

NOMA Glossary of Automation 
Terms, 1961, National Office 
Management Association, Willow 
Grove, Pa 

Operating System Description Stan- 
dard Definitions, by Dons Rhine 
and D Brandon. 1961, System 
Development Corp , Santa 
Monica, Cahf 

Pocket Dictionary of Computer 
Terms, 1962, Howard W. Sams & 
Co , Indianapohs, Ind 



Prostamming Business Compulcr*. by 
D D M(OaiK.en.H Wclai, anJT 
Uc. 1961. John Wtley & Sons. 
Inc , New YotV.. N.Y. 

Piogrammmg (or Digilil Computet*, 
by J. Jecnel. I9S9. McGraw iliil 
Book Co, New Yoifc.N Y 

Piogrammuig for Uigiltl Compuicf*. 
by M 11 Wrubel. 19S9, McGraw- 
Hill Book Co . New Yotk. N.Y 
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SanaU Corporation Albuquerque. New 
Mexico 

Share Clotsaiy of Term*, by D. E 
Lattwood. I960. Bell Telephone 
Uborjtoncs. Murray Hill. N J 

Sy*tenu Deaign and Programming 
Terminology. 1960, UNIVAC 
Div . Sperry Rand Corp ■ Phila- 
delphia. Pa 

Understanding Digital Computer*, by 
Paul Siegel. 1961. John Wiley & 
Son*. Inc, New York, NY 



GLOSSARY- DEFINITIONS 


Abstracting The process of representing the contents of a book, journal article, 
or document by a short, more or less informaUve amount of text. 
Acceleration Time (see also Deceleration Time) The time between acceptance of 
a read or wnte instruction by a tape unit and the start of reading or wntmg 
(that IS, the tune taken for the tape to accelerate to full speed) 

Access. Related to the avuUbibty of data from interna) memory or files Several 
dichotomies can be defined for methods of access, each generally 
repiesentmg a difference between an online system and a batch system 
Specsficaliy 

On'ime Batch 


Immediate Access I Delayed Access 

Random Access | Sequential Access 

Duect Access I Scan Access 

(See the individual entnes for each ) 

Access, Delayed Delayed access arises because of batch processing and the 
inherently slow speeds of a storage device 

Access, Direct The process of obtaining data from a memory by going directly 
to Its location, usually as specified by an address, without reading any other 
data 

Access, Immediate The ability to obtain data from files within Short periods of 
time, relative to other operations Contrasted with delayed access 
Access, Random The process of obtaining data from a memory m which the 
next location from which it is obtained is in no way dependent upon the 
previous one (in contrast to ‘‘Sequential access") It usually requites direct 
access capabihties to be efficient 

790 
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Acceu, Scan. The process of obtimin* Jata from files bjr lookins at each item of 
tlata until that one of inlcresl U founJ (conUasleJ with Direct Access). 
Access. SenuenlUl. The proccu of oblamms Uaia from files, in which the next 
location foUows the previous one. (uinlrastetl with Random Access) 

Access Time The time between acceptance of a read or wnie instruction by a 
file device and the start of readme or wniing of the data of 
magnetic tapes, it depends upon both ♦•acccUralion time and the imc to 
get to the data of interest, with magnetic disks, drums, and strips, it depends 
upon the speed of rotation of the file device 
Accessions Lul A list of recent additions to a collection 

Accumulator. A register and associated logical circuitry m the arithmetic and 
control unit of a computer m which anthmclical and logical operations are 
performed including, in piiticular. addition (that is. aecumuUlion) 

Accuracy. Freedom from error Usually contrasted with precision For example, 
a call number might be recorded as QA I09.23S7 and would be very precise, 
however, if it should be QA 109 2375 .1 would be inaccurate 
Acqumiions. The books acquired by a library, through purchase, pft. or 
exchange. 

Activity Ratio The proporlioft of records in a file which are active during a 
given lime period 
Adder See Accumulator. 

Addrm. Tht .dmllficicon (by nim.. bbtl. or numb..) ot Ih. loMUon of d.U 
,0 memory or m d.r.ot .cers r.l.r Incl.d.d P“> “ 

mstraclion, tt specifier either the location of data (for example, operand 
address") or the location of the neat instruction. 

Address. Absolute An idcnlificalion of location by an exact address (contrasted 
with "relative address" and “symbolic address") 

Address. Relative. An identification of a given location by reference to another 
one (for example, "the address one beyond address x ) 

Address, Symbolic An idcnUficaUon of location by name, without reference to 
an absolute or even relative address 
Addressed Access. See Access, Direct. 

ADP {see also EDP). An acronym for "Automated Data Processing, the use o 
mechanical equipment to carry out data processing operations 
ALGOL {see also FORTRAN) A specul language by which numerical 
(computational) procedures can be precisely desenbed m a standard form 
Algonthra A numencal computing process More generally, a step-by-step 
procedure which, when followed cxacUy. wiU produce precise results 
Alphabetic Related to the speafic set of symbols, called the "alphabetic 
characters." which is most frequently used m printed text m English (that 
18, the Roman alphabet and some punctuation marks) 
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Alphanumeric. Related to the specific set of symbols which includes the deamal 
digits as well as the Roman alphabet, punctuation marks, and a variety of 
other symbols 

Analog. Related to the representation of data by variable states (for example, 
voltage levels) Contrasted with Digital 

Analog Computer. A computer which represents data by variable states rather 
than discrete symbols It solves equations represented by analogous 
relationships among the variable states 

Analysis. The process of breakmg a complex thing (such as an organization or a 
process) mfo smaller, component parts (See also Subject Analysis ) 

AND. The logical operator (in Boolean algebra) used to represent the following 
relationship among statements R is true if and only if both P is true AND Q 
is true Symbolically R = P AND Q~PQ 
AND-Gate. An ekctioruc circuit which represents the AND operator by 
providing output current if and only if all input currents are present. 

Aperture Card. A card, usually of punched card stock, with one or more 
rectangular holes designed to hold a frame of microfilm 
Application. The use of the computer for canying out a speafic task (for 
example “library application"). 

Application Program. A program designed to perform a specific task (as 
distinguished from “operating system,” for example) 

Arithmetic Operations. Those computer operations upon nuroencal quantities 
equivalent to addition, subtraction, multiplication, division, and similar 
basic anthmetic functions. 

Arithmetic Register. A part of the Arithmetic Viut tn which operations take 
place (see, for example. Accumulator) 

Arilhmelic Unit. The portion of the computer in which operations are executed 
upon data, including not only anthmetic operations but others as well 
ASCII. An acronym for “Amencan Standard Code for Information Inter- 
change,” the only code system that ts an Amencan standard. (See also 
EBCDIC) 

Assembler. A computer program which converts symbolic instructions into their 
equivalents ui machme «>des and a^i^s locations in the memory to 
instructions and data. 

Auxiliary Memory see External Storage. 

Backup. The means for providing service when the principal means for doing so 
IS not operating. 

Badge. A means of identiricauoA m the form of a card, the relevant data 
(borrower number, social seeunty number, book number, etc) being 
recorded on it m embossed, punched, or ma^etic form. 

Band. In coropuler usage, a group of recording tracks (or channels) on a 
magnetic drum, disk, or strip, m communication usage, a range of 
transmission frequencies between two defined limits. 
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Bind Wtdih The difference (expressed in -cycles per second") between the 
highest and lowest frequencies of Iransmisslon in a communication band 

Base The number of symbols in a system for representing any number by the 
comention of “positionil notalion - It is most familiar to us in base 10 
notation, which uses the ten detimal digits and the decimal point in the 
conventional way Base 2. involving two binary digits, is the one used in 
early digital computers 

Batch Procesaing. A procedure in whKh a number of transactions to be 
processed are accumulated and processed together Usually they are sorted 
into order and matched sequcnlially against affected files. 

Baudot Code The code used with most tcletypcwnler systems today 


BCD An acronym for Binary Coded Decimal 

Binary CharactenzeJ by the use of the base 2 notation for representation of 
numben. extended to ihe representation of any symbol set by any specified 
code of binary dipts 

Bintiy Coded Decimal. The parliculat system of binary codes w hich uses base 2 
notation for the decimal dipts 

Binary Dipt One of a set of two.symboU. usually represented by aero (0) and 
one(l) 

Binary Number The representation of any number by base 2 notation 

B.5u.n.ry. A r.preandl.oA ot B.cimil Jitiu. by bmiry toJt!, " ““I" 

« Mlo.r. 0 - 0000, l-OOOI. 2-00I0, 3 - 001 1, 4 - 0100. 
5 * 1000 . 6 * 1001 . 7 * I0I0.8* 1011,9 - 1100 


Bit (a contraction of binary dipt) 

Bit Position A location in space or time at which a binary dipt can occur. 

BU R.I., In d.li Imslcr, 11.= me. usn.Uy in •■bill pn second,” el «bich bmsiy 
dipis can be transmitted. 

Blank. A character m the alphabetic and alphanumeric character sets used to 
indicate a space (between words, for example) 

Block. A set of data, in internal memory or in files, which is treated as a unit in 
data transfer (as in reading or writing) 

Block Diagram A form of flow chart or schematic 

Book Form Catalog A printed catalog in which several entnes occur on a page 
and pages are bound together. 

Boolean Algebra. A system for symbohzing lopcal statements by operators. 
usually%D. OR. and NOT. from which relationships among statements 
can be denved mechanically 

Booisleep A s„..l se. 


brought into the internal memory (as 
bootstraps”) 

Branch A choice among altemaUve sequences of instructions 
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Break-Point. A point m a computer program at which it can be interrupted for 
special action to he taken Especially useful in debugging and m momtonng 
complex programs 

Buffer Storage. Intermediary storage between two data handlmg components 
Used to compensate for differences ui data rates, m codes, or m formats 

Byte Loosely, a specified number of bmary digits Generally used to refer to the 
eight-bit code system used in many third generation equipment (that is. the 
EBCDIC character set) 

Calling Sequence The data provided by a major program m order for it to utilize 
a general subroutine It includes data necessary for the subroutine to 
perform Us operations and to know where to reenter the mam routine 

Card. (See Punched Card) 

Card Catalog. The form of bbraiy catalog famibar to most users of Lbranes 


Card Field A set of columns in a punched card format dedicated to the storage 
of a specific kind of data Usually these will be fixed in their location from 
one card to another within a given format 
Card Storage of data in internal memory or magnetic files exactly as it 
would be stored on a punched card (usually as it was input from punched 
cards or will be output to them) 

Card Reader. A device capable of feeding punched cards, sensing the presence of 
holes m the columns of them, interpreting them as codes, and transmitting 
the data to a computer. 


Carry. A condiuon occurring during addition or multiphcation, when digits 
being added result in a sum equal to or greater than the base Also the digit 
(caUed the carry digit) which results 


Cataloging The standard process by which books, journals, and other materials 
are described and recorded 

C.thod. R*y Tiib. A vam»ra tub. op.bfc ol „ ,„,ge „„ om 

S T, bP™ Phosphots on Ih. 

turfao. Th, tub. ,n a TV «t K an naampla 

C.U A loaauon m a memory lu.l, usuaUy mth an aragnad addiasa 

md!drr' '“.b” '■“'‘"b or. co„p„,„ whtch 

mcludts iha anlhmtbc and control uittt a, well the intcntal memoiy 
Change Record. See Transaction. 

“T; 'a «Stco"d'Sd'"”‘- 

‘^'“'.nduie°”bL*bS.' The ntu.l ch.tacte, acts 
bnw d«. „e ,„Tb ’*• “’£■“““"'"0 chatactet., d.c.ntal d.gtt.. 

rnXmrai’nh.h . n “• acta and even 

non-Roman alphabetic character sets are also important 
Character Reader. See Optical Chancier Reader. 

o“.tTo™‘ oovdbea of data o, of pt.ceanng 
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Check. Buill In or Aulommc. A pfotrammcJ mean* o( testing the concclncsj of 
data (see Validity Cheek, fof example) and of pioccssing operations 
Check Digil(i) One or more digits gentraUd from data and cyned along with it 
as a means of checking the accuracy of the data dunng 
operations. (The check digit is periodically regenerated and compared iiith 
the onginat ) 

Cheek. Fo, bidden Combination A set of codes usually includes some ^hicj 
not assigned to any of the things being rcprecenleJ. If they occur in data, 
they are regarded as forbidden and are rejected 
Ch.tk, To eh. Ik Th. ..lubihlk of » 

operability under marginal conditions of voltage and signal lever 
Check. Modulo N. See Check, racily 
Check. Odd Even. See Check. Parity. 

Check, Parity Binary codes normally conasi of ciltier an 

rs (for example. lOH, OUO) H »noihet binary digit « Jim 
to make them always haic an oJJ number of s ( o i.. - 4 .n 
Onoi) It IS called a parity bit. Subsequently, if a code ever has an 
number of I's. an error must have occulted 
Check Point A point in a program at which the results of processing can be 
examined if desired 

Cheek. Redundancy. See Check. Forbidden Character and Cheek, Parity. 

programmed which will check whether data indeed is within the specified 
range 

Circuit See Logical Circuit. , ,, 

C„.„o„ l„0„. A form ot o.d.. lo ""■'I' 

subsequent articles which refer to it 
Cl..,. To ..... Ih. cool.n,. of . O' 

With blanks or zeros. 

Clo..d Shop. A pohoy fo, ot . oompo... f.c.hty .o which .1 

p,o£,.„mo,k .»d op...Uon ... don. by th. t.cl.ty .I..H .nd not by 

Clostd Sobrootm. A .obiool.n. oots.d. lb. mun P.tb of * toulinc to 

which th. m.,o. . 001 . 0 . 0.0.1 Iterofor. t..n.I.t cont.ol C.U.ns 
Sequence) 

Coaxial Cable A means of transmitting signals from one place to another 
Because it is heavily insulated, it is capable of transmitting extremely high 

COBOL An acronym for Common Business Onented Language, designed for 
describing data processing procedures (in contrast to computational 
algorithms) in a precise, standardized manner 
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Code. A system of symbols for use m representing data (or, m the case of 
computer programs, machine language instructions) 

Code, Computer. The code used to represent operations built into the hardware 
of a computer 

Code, Excess-Three A bmary code for representation of decimal digits, with the 
property that a decimal carry is generated directly from the binary carry 
Coden A five-character identification for penodical titles which has been 
maintained by the Amencan Soaety forTestmg and Materials 
Coding. The process of convertmg programs into computer code 
Coding, Alphabetic. A system of codes using alphabetic characters as symbols 
(for example, LC class numbers). 

Codmg, Automatic Any techruQue in which the computer is programmed to 
produce codes, but especially to produce codes for computer programs 
Coding, Numeric A system of codes using dcamal digits as symbols (for 
example, Dewey Class numbers) 

Collate The process of merging two or more similarly sequenced files of data 
(lee aUo Maich-Merge) 

Collator. A punched card handling device that wiU collate or mateh'merge two 
sequences of cards. 

Column. A position on a punched card m which a character may be recorded 
Command. 5ee Operation 

Common Language. A representation of data which can be read by a number of 
different machines. 

Comparator A means of comparing two pieces of data for equality or relative 

Compare An operation built into all computers as a means of choosing among 
alCemative sequences of instructions {See Decision ) 

CompatibiLty The extent to which one device is capable of accepting and 
processing data prepared by another This must be at the level of both 
hardware compatibility and software compatibility 
Compiler. A program which accepts programs wniten m a higher level language 
(called the "source language") and converts them into (usuaUy) a lower level 
language (called the "object language”) for subsequent execution. 
Complement A means of representing negative numbers, by subtracting each 
digit of the number from n ~ l.whercn »the base. 

Compute Limited. Charactenzing data processing tasks in which the time is 
determined pnmanJy by the utcrnal computing speeds. (See also Input/ 
Ouipul Linuied ) 

Computer. A machine that mampuUtes symbols, in accordance with given rules, 
in a predetermined and self-directed manner. 
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Computer Bucd. Dependent to a usnificant extent upon computer processing 
A computer-based operation could be executed u holly by computer or be a 
combination of manual and computet processes 
Conditional Jump. See Branch. 

Connguratlon The specific set of hardware which are put together to form a 
computer system 
Conjunction. See AND. 

Console. A device for direct communication between a person and a computer 
Contents. The data stored in any storage medium A common convention is to 
use parentheses to refer to the contents of a location (m) referring to the 
content of memory address nt. 

Control. That portion of the computer which controls the operation of all other 
parts. Including peripheral devices 

Control Counter That part of the control which stores the address of the next 

instruction 

Control Total, a check on the reliability of processing 
Control Unit Wee Control) 

Conversion. Changing from one form of data representation to another 
Converter. A piece of equipment for conversion. 

Cere Storage. The form of high speed internal memory used in most present-day 
computers, based on magnetic cores for storage of individual bits 
Cost Accounting The allocation of costs to individual tasks or processes, for the 
purpose o( comparing them with standard costs, or with the cost of 
alternative methods 

Cosi/E(tectiveness. The standard measure of performance for evaluation of 
systems It IS expressed as a ratio of some measuie of cost to some measure 
of performance (such as, "more bang for the buck ”> 

Counter A set of circuitry which can store data and increase or decrease it by 
unity or by other arbitrary amounts 
CPU. Acronym for "central processing unit" see Central Processor. 

CRT. See Cathode Ray Tube. 

Cybernetics. The comparative study of machines and living organisms, with 
special emphasis on the methods for control and communication. 

Cycle See Loop 

Data A general term used to denote any specific recording of symbols that are 
regarded as referring to or representing something else As a term, it is 
properly plural, with “datum" as the singular However, common usage in 
the compmec held is to take it as either singular ot plural depeodingupoci 
its intended scope “The data is coirect,” "The various data are correct ” 
Data IS the basic element which u processed and stored by a computer and 
from which other things are denved 
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Dita Bank A data base, usually of wiy large size, intended for many users {see 
a\so Data Base) 

Data Base. A file of data m machine language, available for use 
Data Cell A large capacity (for example. 400 miUion characters) data storage 
device. Specifically, one manufactured by IBM Mbich utilized short stnpsof 
magnetic tape. 

Data Lmk- Any means of communication of digital data from one location to 
another 

Data Management, ^ee File Management 

Data Phone. A device produced by the AT & T for data communication 
Data Processing. The generic term for all operations upon data with precise rules 
of procedure, cspecully in the context of business situations as contrasted 
with saentific computation 

Data*Reduction. The process of tnnsfornung masses of data into useful 
condensations Typically, this mvolvcs producing approximations and 
tepiesentations as mathematica) functions 
Data Set. A data base, usually of relatively small size, intended for only a few 
users (tee also Data Base) 

Debug To locate errors m a program and to conect them 

Deceletation Tune The time le^uued for a tape unit, after reading or writing is 
completed, to slow the tape to a stop ready to initiate a new read or write 
{see also Acceleration Tune) 

Decimal Digit. One of the symbobO, 1.2, 3,4, S, 6, 7, 8, 9 
Decision A choice between two or more aitemstive paths of processing, usually 
made by means of a comparison {see Compare) 

Decode To coniert from one symbolic representation of data to another one. 
usually to reverse a pnot step 

Delay Line. A type of memory ui which data is recorded and then becomes 
available again after a fixed tune mtervaL 
Density. The number of units of data which can be recorded within a given 
linear distance (for example, bits perindt) along a recordmg medium 
Descriptor A genenc word for teims which can be chosen from a defined 
vocabulary (or the purpose of descnbmgthe subject content of a document. 
Design See Logical Design 

Diagnostic Routine. A piogiam used to aid debugging 
DiagianL See Flow Chart. 

A telatwriy sltrw pbotographic process, using dyes which are sensitive to 
blue or ultraviolet light and can be developed by ammonia (or, in the case of 
Kalvar, by heat) 

Digit One of any set of symbols, but usually numerical symbols (decimal or 
bmary). 
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Digiul RelJleJ lo the rcpresenUlion of Oa»a by mean* of JUcicle symboU, 
mUuUy numcncal (for eaimple. decimal dipt*), but now extended to other 
sets of symbols Contrasted with Aiuloi- 
Digitil Computer S<e Computer. 

Digits. Check. 5ee Check Digits 

Diode A dcvii.e. usually made from germanium or siUcone crystals, which 
permit. <l.ctnri.l .un.nl to no« ...tly to on. Jir..tion but inhtbit. th. 
flow in the reverse direclton Used as an ekment In logical circuits 
Direct Access See Access, Direct 
Disjunction. £ee OR. 

Dok. M.:n.ti. A J.vtt. obi.h .lore. d.U on lb. “f"',’ “f 

or mor. tot.tt.B d.d,. (bk. phonotmph ...ori.) Untrlly. tb. J.t. u .tor.d 
and retrieved by Direct Access 

Disk Pack. A set of magnetic disks which can be physically removed from the 
handling urut, for storage, and replaced by other similar se $ 

Display. A device for visually presenting data from the computer lo a user. 

Usually It incorporates a Cathode Ray Tube. 

Documentation. In (he computer field, the records which desenbe the purpow 
structure, operation, and use of computer programs In the contexj oi 
information systems for science and technology, the process of acquiring 

reportsandjoufflals.indexingthem.andmaljnglhcm available 

0«v.n.T.m., A p.noj Junn, «b.d, . 

operating correctly due to machine failures and Is therefore unavailable for 

DruiTMagnelic. A device which stores data on the 

cylinder. Usually the data are stored and retneved f 

Dump To transfer the entue contents of mtcmal memory 
other storage medium (tee oUo Tape Dump). 

Dynamic Relocation The process by which an assembler or 

of the location of subroulmes and data in the internal memory, espeaally 
when theu locations must be changed 

EAM. An .mnym Inr •■El.Mnc.l A«ounUnE M.chm.iy.” j.igon tor puneb.d 

card handling equipment , , , _ . 

EBCDIC An ...onym to. “E.l.nil.d Brnnw Cod.d D...n..l Into.m.lion 
“di Alt. .yl.™ ot .oda n»d by IBM mod.l 360 .ompol.r. and otb.,. 
Edit To ..airnoB. d.l., ..poomBy tor lb. putpo* ot ptopumg it tor mpnt to . 

computer .. , 

EDP. An acronym for -Electroruc Data Processing, jargon for the use of 
computers, especially for apphcations in business 
Electronic Using techniques which involve the flow of electrons in gas, in a 
vacuum or^ m sohd devices called senuconductors Contrasted with 
‘•eketne” which involves the Dow of electrons only through conductors 
(such as wires). 
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Element. Logical. In computers and related devices, the smallest building block 
from which Logical Circuits are constructed Typical logical elements 
are ANIW3ATES. OR-GATES , and the like 
Emulsion. A light-sensitive coating or photographic film 
Erase. See Clear 

Enor. The generic term for any deviation of data from its correct form In 
mathematics, it has a very precise meaning and i$ not synonymous with 
“mistake ” Generally, how ever, it is synonymous with “mistake ” 
Excess-Three Code. See Code, Excess-Three 

Execution (of an instruction) The step through which the computer proceeds to 
produce the lesults speciEed by (he instruction. 

External Storage Equipment used to stoic files (usually large Hies) See also 
File 

Extract An operation built into most computers by which specified portions of 
data can he removed from other, surroundmg portions so as to be operated 
upon independently Also, a kind of Abstract produced by taking sentencea 
from the text of an article. 

Facsimile llie process for transmission of static images (pictures, maps, and 
printed pages) The image is scanned at a transmitter and reconstructed at a 
receivmg station 

Factor, Scale. A means of uidicaung the magnitude of a number relative to a 
fixed standard Usually expressed as a power of ten, it indicates where the 
decimal point should be located ^ee Floating Point 
Feedback. The means by which a Setvomechamsm learns the effect which its 
action has and adjusts its action (o meet the desired objectives better 
Ferromagnetism. The phenomenon by which certain matenaU can retain one or 
another magnetic state 

Field A set of characters treated as a whole and used to store a defined kmd of 
data 

File. (Noun) An organized collection of data. 

File Maintenance. See File Managemenl 

File Management. The set of processes by which files are created, mamtained 
(that IS, added to, changed, corrected, and so on), and used 
File Orgaiuzation The arrangement of records in a file, including the sequence in 
which they arc stored and the indexes by which they can be found Also, 
the process of producing such an airangeinent 
Fixed Point. A notation for numerical data, equivalent to the familiar decimal 
notation 

Eixtd VJtnd Vanglb. A property of some computers, in which data is stored m 
locations, called words, eadi irf the same number of characters. 

Flip-Flop A circuit element designed to stoie a single bit and control other 
circuit elements 
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Flo»hng Poinl. A notation for numencal Jata whicJi cxpretiCJ a number m two 
pajtj a Scale Factor which indicaiea where the decimal point u anil a 
number between - 1 anil *1 

Flow Chart A yaphieal representation of a sequence of operations 

Font A set of characteri kompruing an alphabet 

Form. A printed record In a defined format, used for recording data of a defined 
kind 

Forms Control. The procedure for defining forms and assunng that they are 
needed and are consistent with each other 

Forms Design The process of defining the formats and especially the physical 
arraneement of forms , , 

Fo.n,.,. The pt.a<lt>m.hcJ ot H.U. .ad oth.r s.n.nuh^. /or d.U 

in a record of any kind 

FORTRAN An acronym for rORmulaTRANslator.aJanBuasedesigncdforthe 

descnption of algorithmic processes 

Fo«. Addr... Iiuuntuon. A (oim ol losliutt.ori uad in some compoten. m 
.hKh .n opcr.hoa .. .p.o.n.d .«d u»..U> Ih. »' 

Ihs .ddres. IP »luch Ih. rtiult il lo h« P«l. "PJ 'I" 
instruction 


Funetion'Table. 5ee Table 

Cangpunch The use of a key punch or reproducing punch to copy the tame data 
into a succession of punched cards. 

Csnit Chart. A graphical means of showing the fiow m time of processes from 
one component piece of equipment (or person) to another 
Gap See Interrccord Cap and Recording Head, Reiding Head 
Garbage. Data which is so filled with inisUkes as to be worthless 
Gale. See Circuit Element. AND-Cale. OR-Gete. 

Cray Code A code system m which successive things are represented by binary 
codes differing in only a single bit position 
Half Adder A logical circuit which performs addition without consideration o 
the carry, although it generates the carry. 

Hamming Code A code used for error detection m transmission 
Hard Copy. A printed copy of computer output 

The phyneid ewment u. • d.l. proeesaes syslem (cont.a.led mlh 
Software) 


H.,h To,.l A Ml ot check chmeten genee.ted by .dd.n, togelhe. pen, on. of 
the data of interest and therefore usuaUy meanmgless in itself 
Head See Recording Head. Reading Head 

Heunstic. Characterized by tnal and error, in contrast to Algorithmic 
Hexadecimal A code system using base 16. usually represented by sets of 4 bits 
each (that is, 2* = 16) 
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Hollerith Code. The code system used cm most punched cards (that is. the 
standard IBM punched card code) 

Housekeeping The operations m a program required for the program to 
maintain control of itself 
Identifier. See Key. 

IDP. See EDP. 

Immedute Access ^ee Access, Immediale 

Index. In computer operation, a means for determining the address of data in a 
Duect Access mode of operation 

Indexmg (of documents) The process of assignmg words or terms, from a 
vocahulary of allowable terms, to documents in order to describe their 
subject content for purposes ot subsequent retneval 
Indexing, Coordinate. A specific method of document mdexing m which, m 
subsequent retneval, combinations (that is, coordinations) of previously 
assigned terms are looked for 

Index Register. A register used by a program to hold a quantity used to modify 
addresses. 

Index Sequential. A means of Direct Access to files sequenced by the cntenon 
for access 

Indueet Addressing A means of addressing data by telling where the address of 
the data wUl be found (that is, specifying the address of the address) 
Information A very ambiguous term, sometimes used as though synonymous 
with data, sometimes, with a collection of data; sometimes, vnth alphabetic 
data (distinguished then from “data” which would be numenc data), 
sometimes, with useful data, sometimes, as “facts”, sometimes, as a rather 
mysucal meaning or content of data. In this book, “information” is defined 
as the data which lesulls from a process upon data ” Information 
generatmg processes include transmission of data, selection of data, 
reduction of data, and the like 

Information Retrieval. The process of finding desired data m a file 
Information Theory. The analytical and theoretical study of communication, 
espeaally in electronic systems The emphasis is on coding of data for 
accurate transmission at high speeds 

Imtialize. To establish the data required for a program to start processmg 
Input. The process of transtemng data mto a computer system and espeaally 
mto Its internal memory Also the data which is input (that is. “the input") 
Inpul/Outpui. The combined set of equipment used for input and output 
Input/Oulput ^ited. Charactermng data processmg tasks m which the Ume is 
determined primarily by the rate of data transfer m the input/output 
eauinment ^ ' 


taMoUon A set o( d,u .loreJ „ Uic m.mon' ot th. computer >nd mlerpreted 
riL, * spe«fying an operation to be performed, the location of the set ot 
data to be processed, and the location of the next mstruction 
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(lUtrutneafiUoa. L'quipincnt uicJ to aoiuire Jala automalically. 

Integtated Data Proceaiing. Ste EDP. 

Inletaclire S)tUm. Use of a computer in uhkh ituect communication bctuccn 
man anJ machine ii to rapid that the thought processes of the man are not 
slowed down or interrupted by delayi in the machine, but iiutcaJ are 
stimulated by the speed of tetponte 

fnttiface. The boundary between two things which react with each other. 

Usually the point of commumcalion between them, 
iniemai Memory. That portion of a computer system in which instructions and 
data are stored and are immcdutely accessible to the control unit for 
proccssins. 

Internal Storage, See Internal Memory. 

Interpretive Routine. A program which decodes and interprets instructions 
written in a higher level language and executes them. It is liLe a compiler, 
but does not separate the two steps of conversion and execution. 

Inlerrecord Cap. The space between biocLs of data rceordeii on tapeoidifk. It 
IS created by the Accelttaiton Time and Decelrtallon Time, dunng which no 
data is recorded. 

I/O The equipment used for Input and Output. Also. Ihe process of Input and 
Ouiput 

Item. A set of data treated as a logical uml. Usually synonymous with Record 
Iteranre. Oesenbing a process whieli repeatedly executes a senes of operations 
until some desired result is obtained. Caused by a Loop in a program 
^ob. A request for services (of a hbraiy, a compuiing facility, or any other 
organization), usually requinng a number of processes 
fump. The process of moving from one instruction m a program to another one 
usually quite removed 
furop. Conditional. See Branch 

Key. A group of characters used to identify a Record, usually the basu of file 
sequencing Also a marked lever on a typewriter, key punch, and the like 
Key-Boatding. The process of operating a key board to produce typed copy and 
machine readable data. 

Key Driven Descnbing any device for Key Boarding data 
Key Punching The production of punched cards by key-boarding 
KWiC. An acronym for Key-Word-ui-Contcxt, a form of document index 
obtained by producing an entry in the index for each word of interest but 
including the context in which it occurs, like a concordance Sometimes, 
but not necessanly, restnetetf to Wife words A vanety of formats are 
available for presentation of the entries and their contexts 
KWOC See also KWIC A form of concordance m which the term, under which 
an entry is listed, is shown at the left of the entry itself 
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LabcL A set of data used to idenbfy a record or a file Frequently includes 
descriptive data as needed for processiog 
Lag. A delay between two events 

Language, Higher Level. A means of describing a process close to that a person 
would naturally use 

Language, Machine. A means of descnpOon which a machine can recognue 
directly. 

Language, Natural. The means by which a person would normally communicate 
with another person 
Language, Object See Compiler 
Latency. See Access Time 
Level of Addressuig See Induect Addressing 

Lme-Prmtuig The means of printing used by most computer output pnntefs. in 
which an entire hne is pnnted at once In contrast to character by character 
printing, as with a typewntcr 

Linkage. The process of returning to a roam program from a sub-routine 
Lmked Subroutme See Closed Subroutine. 

Load See Input. 

Location See Address. 

Location Counter. That portion of the Control of a computer in which the 
address of data to be operated upon is stored 
Logic. In computer context, the basis of design and interconnection of circuitry 
Lo8>c. Symbolic. See Boolean Algebra. 

Logical Circuit. A set of logical elements inter<onnected so as to cany out a 
defined processing task as part of a computer Logical Design. 

Logical Design The process of planning a computer and tymg logical elements 
together to perform the specified functions Also the result of such a 
process 

Logical Diagram A means of graphically showing a Logical Circuit. 

Logical Element See AND-Gale, OR-Gale, NOT-Gale 

Logical Operations. These operations buUC uito a computer which allow it to 
make decisions and carry out nonnuinenc processes See Compare. 

Logical Record A record treated aa a luut from the standpoint of its content 
Contrasted with the physical record, on which it may be stored 
Loop. A programming technique in which a group of instructions is repeatedly 
executed, with modifications each time, until some desired result is 
obtained The use of a loop involses four stages (1) initialization, in which 
necessary starting data are establtsbed, (2) computing during each pass 
through the loop, (3) modification of instructions in the loop, and 
(4) testing to see whether the desired results have been obtamed 
Machine Language Coding See Language, Machuie. 

Machine Readable. See Language. Machine 
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Operition, SnuL A flow of ilepi In which one itep must follow another. 
Opeiaiion, Tiansfer. A computer operation which mose* JaU from one location 
to another 

Operations Research The use of mathematical models for solving operational 
problems 

Operator. A symbolic representation of a process or relationship 
Optical Chatscicr Recognilion. The use of mechanical equipment for convenion 
of prmted data to machine readable form 
Optical Scanning. The method of conserting printed characters (or. more 
generally, any image) into data which can be processed by a computer 
Variations m tone (from hlscl. to white) result in comparable vanations m 
electrical signal which can then be analyzed 
OR. The logical operator (m Boolean algebra) used to represent the foUowing 
rebtionship among statements R ts true if and only if either/’ is true or C 
is true Symbolically,/! ■ fOR Q*/*+G 
OR-Cate. An electronic cucuit which represents the OR operator by providing 
output current if any input cunent u present 
Output. The process of transferring data from a computer system to the outside 
world 

Ouiput'Block. A portion of the Internal Memory reserved primarily for storing 
data which is to be output. 

Overflow. In an arithmetic operation, the generation of a number larger than the 
capacity of the register or location into which it must be stored 
Overhead (accounting) Those costs which while necessary cannot easily be 
attributed directly to productive work and which must be allocated to the 
cost of production in order to get a true picture of costs 
Overhead (operating system). The use of an operating system to manage other 
programs consumes operating time which, while necessary. dMS not 
contribute duectly to their results The costs of this lime must be allocated 
to the users 
Overlay. See Pagmg 

Pack. To Include several short items of data m a single location 
Packing Density. See Density. 

Paging. A technique of bringing routines and data into memory m large blocks 
(called pages) Several pages will then occupy the same storage locations, 
but at different times 
Parallel Handled simultaneously. 

Parallel Transfer. Data transfer ih which elements are transferred simultaneously 
Parameter. A quantitative character»tic which, while it may change from one 
situation to another, is fixed for any given situation. 

Parity Bit. See Check. Parity 
Parity Check. See Check, Parity. 
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Momtor A program wbJch supervises the operation of other programs, usuaHy 
to assist in debugging 

Multiple Address Insuuction An instrucUon having more than one address (see 
for example. Four Address Instniction) 

Multiplexing The division of a system into two or mote parallel subsysl«nis 
which operate relatrvely independently 

Multiprocessing Executing several programs at the same time withm a computer 
system 

Multiprogramming. Executing several programs at the same time by rnterleavmg 
successive operations from each of them 

Nanosecond One thousandth of a millionth of a second (that is, IfT* seconds) 
Network A set of interconnected points 
Node. A pomt in a network 

Noise. Erroneous data caused by natural phenomena beyond direct control 
Not The logical operator (ui Boolean algebra) used to represent the following 
statement is true if cad only if /* w not true 
- NOT/**?: 

Object Language. See Compiler 
OCR. See Optical Character Recognition. 

Octal. A code system using base S, usually represented by sets of 3 hits each 
(that 18, 2 * ■ 8 ) 

Off the Shelf. Of hardware, meanmg available from the manufacturer without 
any need for development 

Off Luie System A system ui which penpherai devices can operate mdependeht 
of the Central Processor. 

On-Line System. A system m which penpherai devices are In direct and 
continuing commumcation with the Central Processor (m some uses, this is 
in contrast to Off-Line, but other uses connote different meanings) 

One Address Instruction An instruction induding only one address for the 
location of data or of the next instruction. 

Open Subroutine. A subroutine inserted duvctly into a larger routine where it is 
needed. 

Operand Data which is to be operated upon. 

Operating System. A program by which the computer controls its management 
of other programs, assigning storage and mput/output devices to them, 
controlling compilation of them, sequencing them, and the like. 

Operation. A buJt-in capability of a computer 

Operation Code. That part of an instruction which defines the operation to be 
performed. 

Operation, Logical See Logical Opcxaiions. 

Operation, Parallel A flow of steps ui which independent sequences are 
executed at the same rime 
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ReiJ. To copy dita from one rcpreicntalion lo another 
Readtr. A device which rcaJi. 

Reading Head. A means of reading recorded data (usually magnetically recorded) 
from a storage medium (^ee Recording Head) 

Reading Rue. The rale at winch data it tcad. usually m “characters per second ” 
Real-Time. Troccssing within the actual lime that the related external process 
takes place Necessary if the results of processing are to affect the external 
process duectly 

Real Time S)slem. A processing system fail enough lo operate m real lime, at 
least as fat as the phenomenon of iniciesi is concerned 
Record (noun). A group of related data, ueated as a unit ut most processing See 
elto Item. 

Recording Head. A meana of recording data on a storage medium. {See 
Readuig Head). 

Redundancy. Mote data than is necessaiy, usually for the purpose of checks on 
■Is accuracy. 

Redundancy Check. See Check 
Reguitr^re Ariihmelie Register. 

Relative Coding See Address. Relative. 

Remote Terminal. A device for commumcalion with a computer but located at a 
«ie physically separated from the computer, usually far enough so that it u 
connected lo the computer only through communications facilities and not 
through a direct cable. 

Report Generator A program which wiU compile other programs as needed to 
produce reports in specified formats and sequences 
Resolution. A measure of the density with which data can be recorded. 

especially in photographic form, in terms of the distance at which two lines 

can be distinguished from each other. 

Rewind (verb) Most magnetic tapes, after being read or written, must be 
rewound in order to be read or wjillcn again. 

Round Off. Deletion of the least agmficanl digits of a number 

Routine See Program 

Routine, Compitmg See Compiler. 

Routine, Diagnostic See Diagnostic Routine. 

Routine, Executive. See Operating System- 
Routine, Interpretive. See Interpretive Routine 

Routine, Sequence Checkmg. A program which wUl check a set of records to see 
whether they are in order. 

Routine. Service A part of an Operatmg System to provide capabUity for a 
specific kind of operation-such as sortmg or input-output 
Routine, Test. A program designed to lest whether the computer is functioning 
properly 
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Partition. A portion of Internal Memory assigned to a given program by the 
operating system. 

peripheral Equipment. Auxiliary machines which can be placed under the 
control of the Central Computer 
permuted Index. See KWIC 

PERT. An acronym for Program Evaluation and Review Techmque, a method 
for monitoring the progress of a development project which focusses special 
attention on those efforts which wtU cause the longest delay m progress 
Photocomposition A method of “typesettmg*' through use of a film recording 
system which photographs the face of a cathode ray tube display The 
characters to be set are produced by the computer on the face of the tube, 
usually m the full page format 

Physical Record A record treated as a umt because of its physical form (for 
example, a Block). 

PL/1. An acronym for Programming Language I, a higher level language designed 
to incorporate the best features of COBOL, FORTRAN, and the like 
Plug Board A removable panel containing terminals which can be inter- 
connected by short wires in order to create Logical Circuits at will 
Posting The process of adding data to an existing record 
Post-Mortem A routine, used to aid Debugging, which points out the contents 
of all Anthmetic Registers and memory locations at the time a program 
being debugged fails. 

Precision The degree of exactness with which data is represented See clto 
Accuracy. 

Program A sequence of instructions by which a computer will execute a desired 
task 

Programmer. A person who analyzes a task to determine how the computer can 
execute it and defines the sequences of mstructions which it wdl follow 
Programming, Automatic. Any technique by which the computer is used to aid 
the programmer. 

Pseudoinstruction. An instruction which calls for a subroutine, and which 
therefore must be interpreted 

Punched Card. A heavy, stiff paper into which holes can be punched and 
subsequently sensed electncally, mechanically, or optically 
Punched Paper Tape. A narrow paper stnp mto which holes can be punched and 
subsequently sensed electncally, mechanically, or optically 
Queue. A line up of transactions waiting in succession to be served 
Random Access Storage. Any of several devices which provide capabilities of 
Direct Access (See, for example. Disk. Magnetic or Drum, Magnetic ) 

Rapid Access Loop In drum computers, a small section of memory with shorter 
access time than the remainder. 

Raw Data. Data which has not been processed 
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ctlcrnil 0(>craUns ptotcJutcs. (In ciluc.Jtion, Software hai been used to 
refer to the Conteni of jnslniclionJ films, filnistripi, etc. -a totally 
different mcaninc). 

State. Chaiacterizint elekironic componcnti whreh arc solid (or cr)slal- 
line). including acrniconductuK and magnetic cores 

Sort. Arrangement of records into order according to the contents of a field, 
called the Sort field. 

^rier. A desicc which will sort punched cards 

Source Language. See Coinpder. 

Speed of Tranaralialon. The number of data elements sent per unit of time, 
usually in bits or characters per second 

Storage (memory). See Internal Memory. 

Storage, Buffer. See Buffer Storage. 

Storage, Erauble. A devue in which stored data can be altered and replaced by 
other data Most magnetic recording is erasable. 

Siorsge, External. See External Storage. 

Storage, Internal. See (ntcmal Memory. 

Storage. Magnetic. See Duk, Magnetic: Drum. Magnetie. Magnetic Core, and 

Tape, Magnetic. 

Siorige. Nonerasable. A storage dcsiee in which stored data cannot be changed 
««dy (punched cards, microfilm, etc . arc examples). 

Siorige. Nonvoliiile. A storage device which retains the stored data even when 
power IS turned off 

S'otsge. Pwsllel The storage of data so that all bits, or characters, or words are 
t«ad at the same lime. 

S'orage, Secondary. See External Storage. 

S'otage. Sena] The storage of daU » that bits or characters or words are all 
lead sequentially. 

*'“'■1=. Vol.„|,, A „o„£, vhich tes m “ 

turned off. 

Working. The portion of the INTERNAL MEMORY reserved for data 
“Pon which operations are being performed (in contrast to Program 
storage”). 

^t°re To record data in a location. 


tured Program Computer See Computer 

An.ly„, Th. ptoren o( dcttmiamg th. mbslmtiv. conKnl of . 
document and assigning appropriate descriptive terms 
S“brt.utme A program designed to perform a well-defined, usually task 

^nd capable of being used as part of other programs when that task 
required 
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Run The execution of a program by a computer 

Run Book. See Documentation 

Scan. To examine every record m a file 

SDI. An acronym for Selective Disseiiunalion of Information, a method of 
alertmg people to reports or ai tides of potential interest 
Search The process of finding records in a file A search program uses some 
systematic technique to do so (see also Access) 

Segment (program) A portion of a program free also Paging) 

Segment (record) A group of fields in a record which, for some purposes, must 
be treated together 

Self-Checking Number. See Check Digit. 

Semiconductor. A solid (usually ciystaUinc) with electncal properties between 
the high conductivity of metals and the low conductivity of insulators (see 
also Diode, Solid-State, Transistor) 

Sense Switch A switch which the computer wiU periodically examine and then 
choose one sequence of mstnictions or another, depending upon the 
position of the switch. 

Sequential Access Storage. Any device which is best used in a Scan Access or 
Sequential Access node (see also Tape. Magnetic) 

Serial Numbering The assignment of numbers in numencal order 
Serial Transfer A method of communication in which elements of data are 
transferred ut succession 

Service Program Any of a set of standard proce^ng programs (ree Subroutme) 
Servomechanism A device capable of monitoring the effects of its own 
operation (through Feedback) and makuig adjustments in its operation to 
meet desired objectives. 

Set Any group of tiungs of interest 

Sign The symbol which distinguishes positive and negative numbers 
Signal. A representation of data for purposes of transmission 
Signal-to-Noise Ratio The ratio of the amount of energy m a signal (conveying 
data of interest) to the amount of energy in noise (produemg erroneous 
data) 

Significance. A measure of the amount of mfoimation produced by a system, as 
a function of its value or relevance 

Simulation The use of a computer program to represent a physical process or 
system, usually as a dynaimc phenomenon 
Single Address Instruction See One-Address Instruction. 

Skew. A problem with magnetic tape in which bits are read from different 
characters 

Software. In computer contexts, the programs required in order for the 
computer to produce desired results Sometimes extended to include 
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Ttick Sec Gunnel. 

Tftnuciion Data icprescnttns » 
rite-chanpng them, poaltnt to 


a oent uhlcli will aff«« "^ordi in a 
them, addinj them, deleting them, and the 


TraniUor. A dewcc uaed. lot it. piopcrtie* a* a semi-conductor, to control the 
now of clecttoni (r« aUo Diode. Semiconduciot) 


V.nf,„. A punch, J curJ d,,.., «h„h JcKcU ,noO bp eon, pump d.U punched 
into a card with comparable data a* it i*ke>ed. 


Verify To check data . , 

K„d A «, of ch.„c.e,., ueuelfp . fed nnmbe, of 

in oileen.l memo,, end fee.ied n. n »n.t m eompufee opeenbonn 

Write Totran, fee dititojitoi.ee medium Of ioeallon. 

Zone The pot., on of . ffoftenlf. punched citd eode need fo deoeni.e .he 


section of the alphabet. 
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Summary Punch A piece of punched card equipment operating under the 
control of other equipment (for example, a tabulator or a computer) to 
produce punched cards containing data transmitted from the other 
equipment 

Switchmg. The process of transferring a signal from an input Ime to a selected 
one of several output Imes 

Switching Center. A place at which several input and output lines converge for 
switchmg 

Symbolic Codmg The representation of programs ui a source language (see 
Compiler) 

Symbol, Logical Any of the operators used in Boolean Algebra, includmg AND, 
OR, NOT, IMPLIES, and the like 

System A set of component devices and people, carrying out operations and 
procedures in a clearly defined manner for the accomplishment of 
established objectives 

Systems Analysis The process of determining the objectives of the system and 
of defining the components, operations, and procedures by which it either 
achieves those objectives or could achieve them more efficiently It thus 
involves four steps (1) definition of objectives. (2) analysis of processes, {3} 
design of alternatives, and (4) evaluation 

Table. An anay of data which assoaates value for one or more elements of data 
with each in a set of values of another element of data The latter is called 
the “table argument’’ the fonner. the “table values ’’ Frequently, a table 
provides values for a mathematical function, and the values are called 
“function values ” Usually, a table is sequenced by the table argument 

Table Look up The process of finding in a table the table values associated with 
a given table argument 

Tabulator. A punched card handlmg device which reads data from cards, adds it 
into one or more totals, and pnnis out the data and the related totals 

Tape Dump See Dump 

Tape Limited. Charactenzmg data processing tasks, with relatively limited 
computations on Urge amounts of data, for which the time requued is 
determined by the rate of transfer of data to and from magnetic tape 

Tape, Magnetic. A device which stores data on the magnetizable surface of a long 
strip (typically I in wide by 2400 ft long) Usually data is stored and 
retrieved using sequential, scan access 

Teleiypewnler Generic term referring to equipment providing input and output 
to Teletype communication lines 

Termmal. Equipment attached to a communication channel which may be used 
for either input or outpuL 

Time-Sharing. The use of a device, cspemally a computer, for two or more tasks 
during the same lime interval by interspersing processes, allocating small 
divisions of the total time to each task in turn 
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bteratufe TJw Jifficuluej ate tiovhiy compountlctS if ue tegaiii "hbrary 
automation*’ as encompassing not only ciencal activities in the libiary-arcula- 
tion conttol, serial records, anJ otdering-bul information processing ones as 
'*eU (of Mhich “information telncvar* u only one example) Much of the 
literature, in fact, is not really ~iileiature“ in any sense~it is flow charts, forms, 
cost analyses, computer programs, representative printouts, and operating 
instructions-paraphernalla that, in the computer business, we call “documents* 
tion “ Not only dors llui appear in a miserable form and a great vanely of sizes 
and shapes but It is usually so written as to be unintelligible to anyone but the 
person who created it In certain respects. Ihu material constitutes the most 
important source of the data necessary to “Leeping up with bbrary automation,” 
since It IS the most directly usable-if only people would use it and if only it 
were m a form to be used 

Another equally important but just as messy a form of hlerature u that put 
out by the manufaclurers-tbe brochures, the operaling descriptions, the sales 
hlerature on "apphcalions,*' and the liLe Such literalure it easy to accumulate 
and IS almost useleu. It usually serves solely at a means of establishing contact 
with a “company representative” and is, almost by design, uninformative and 
sometimes even misleading. Yet it conslilulcs a pnmary resource for anyone 
planning the design of a mechanized astern for a library. 

Finally, the available Uletalure-us nearly all of its forms* is of such generally 
poor qualjly that one bepns to question US utility at all Authors continually fail 
to disclose what u actually operational, as contrasted with purely speculative or 
developmental. It does not seem to be so much an attempt to delude the reader 
as a reflection of the wntet's own uncertainties and his need to prove that 
someihing useful is, indeed, being accomplished. The whole effort to apply 
automation in libraries has been such a struggle and has produced so many 
abortive experiments that each person must feel a temble need to prove that it 
can be done As a result, wishes get translated into reality because, since we have 
wished far so long, it must be true. And each apparent success is seued upon as a 
demonstration of real success from wtucb we can now move forward 


KEEPING UP WITH LIBRARY AUIOhUTION 

In summary, if we interpret “Leeping up with library automation” as meaning 
keepmg up with the relevant bteiatnie. we are faced with a difficult, 
time-consuming, and really not very rewarduigjob 

In other words, if you have, at most, a casual interest in automation m the 
library, (hen “keeping up with library automatioa" will be a relatively simple 
job Read the articles m library literature and heap large tablespoons of salt on 
any that say “plan to” anywhere ui Che article And that’s enough But if your 
interest is senous, it will require a major commitment of manpower, inteUectual 
energy, and involvement in library automation itself This means that you, m 
your own library, should have an active program of bbrary systems analysis and 
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SOURCES OF INFORMATION ON 
DATA PROCESSING IN THE 
LIBRARY 


INTRODUCTION 

The application ol data processmt tectuiolosy to libranes is accelerating so 
rapidly that the control of its related literature is virtually nonexistent In her 
review of it, Barbara Markuson commented that,^ “The problems ui assessms 
library automation literature are considerable Some are substantive and due 
to the complexity of the techniques being described Some are due to the 
manner in which the library automation hteiatuie is being produced and 
published ’’ She comments on the use of the prepnnt, the report, and similar 
uncontrolled forms of pubhcation, on the use of informal communication 
channels-the “invisible colleges’’— and on the poor quality of editorial work 
even for the journal literature. 

She did not comment on~t>ut might well have done so- the diffuse character 
of the subject fields that must he conadeied Automation in libranes has been of 
concern not only to hbranans but to a broad spectrum of technologists as vvell 
As a result, the literature oa computeis, oa their programming, on communica- 
tions, on operations research, even on linguistics and symboUc lope and 
mathematics-all must be considered, as weU as the more familiar library related 

* PiesenteiJ at a talk given at Drexel on November 3, 1967, subsequently expanded, 
revised, and updated Hayes.il M, “Keeping up nilh Library Automation ” 

^ Maikinon, Barbara. "AutomatMii in Libraries and Information Centers,” in Carlos 
Cuadra. Annual Review of InfomutuM Saenee end Technology, VoL 2 New York Wiley, 
1967, pp 2JS-284 
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I Iguie A2.1 Rrinuiy uutcct. 


Amcrifan DofunKniaiiott, DC Ainf»k»n SocKty for Infonnalion Science. 

<iumcdjr {(8.50 (now Jounul of ihtAmerlevn SMieiy fur /nforrnaiionSe/enct) 
Atnencan Sotitty fot Infotmiion St/our. Annual Mccunfj, hocccJirifi. WaiJimjton. D C 
Thompwn Book Curnpany.vatiuuapiicCL 

Annuti Rttiew of Informatkin Stttnet Tec/motogy SponioitJ by Ote Ametican 
ScKtcly fut Information ScKiue iJileJ tijr C A CuaJia. New York. New York, lohn 
A Sonc, Inc . Vol {, (96& Vot 2. 1967 (.nocIopacJu Uttunmet Vot 3, (968. 
Vol 4, 1969. Vol J. J970. 

Aiiib fyocrrJingt. London, l-riglanj Adtb. moitdJy. 90!. 

Cutlfft enj Hrtranh Lihrartn Oiu.a;u. IB Atioidadoa of College and Research Libraries, 

monthly, {10 

Civrfnt RetAifck A Oertloimttnt in Srifunfic Documentation Hashingcon. D C National 
Science 1 ounJation. irregular, pficc varies. 

/'■/omeiiofi AelrwieM /.lAraiy 'tulomerkin Aeuslerree Lomond Systems, Inc , Mr Any. 
Maryland 21771. monUily. JH 

/n/ornurion Rrirleidf /errcf Oetiuii. Muhiean AnKiican Dau hocesung, Inc , quarterly. 
S24 

ioutnal of Cfiemical Documtnuiton Washsuglon, DC Amwiean Chemical Society. 

quarierly, J7 lo ACS members. $14 (o nonmembers. 

^‘^utnalofDoeumeniaiion London, Lngland Aslib. quarterly, 20s to AUib mcmbcti. 70i to 
nonmembers. 

Journal of Library Autonuiton, Oncago. Ill American Library Association, Information 
Science and Automation Division, quarterly. nKmbettbip or {10/year 
Journal of the Anxrken Soeiety [or Jnfonnaiton Setenct. Wasbington, D C , btmoi>tS>>y, 
free to members, $27.S() to nonmembers 
J-'brary Joun\al New York, New York R R Bowker Company, semimonthly {10 
Library of Conftets Infortnauan fluOrlrn Vtashinelon, DC Card Division, Library of 
Congress, weekly, S2 (free to publicly supported libraries) 

Library Resources aiui Technical Sen ms. Riclunond. Viijinia Resources and Technical 
Services Diviuon, Amencan Library Assoaalioii, quarterly, free to members. SS to 
non-o) embers 

btonconvenlioruil Saeniific and Tecknieal Information Systrmi in current Use Washington. 

D C National Science Foundation, for sale by the Superintendent of Documents 
USGPO $1 75 

frogratn A/ewt of Cornputert in BnusH Vnnerstty Ltbranes Aslib, monthly Free to 
members. 40s to non membeis 

Research in Education Washmgton, OC US Oepartment of Health, education and 
Welfare (Subsaiption through The Supetuitendent of Documents) monthly. Ill 
Scientific Information Notes New York. Saenco Assocutes International, bimonthly, SIO 
Scientific Information Activities of federal Agencies Washington, DC National Science 
Foundation, uregular. No 32,1966,10c 

Special Libraries New York, New York Special Ubraiici Association, 10 issues per year, 

S20. 

Umversity of Illinois CUmc on Library Appfacatxnu of Data Processing Proceedings 
Champaign, lUini Bookstore 1963..67, $2 for pqiei S3 for cloth 
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development. In business, it is esbmated that an organization must spend at least 
10 percent of its operatmg budget on a continuing effort at analyzmg and 
improving those operations in order to maintain efficiency The library, as an 
operational organization, particularly requires this kind of self-analysis And 
we re not talking about a “once-in-a-while” exanunation by the librarian or the 
head of techncal services We*re talking about a person, on the staff of the 
librarian, whose assigned and pnmary responsibility is the analysis of the 
library s operations 

We re also taUemg about an active program of data acquisition and 
communication with other hbranes Barbara Matkuson said,^ “We have reached 
the point where further achievements will depend on the ability of a lot of 
us librarians, computer specialists, systems analysts, and mformation entre- 
preneurs of various ilk-to march-at least occaaonaUy. m step " And this can 
only be done by active communication and exchange of resources-costs. 

equipment, programs, operatmg instructions, and 
system designs-directly among hbranes (or. at least, groups of hbranes) 

•‘a , program of education Symposia and 

hi*! perhaps your local library school 

has a program of contiaumg educauon. which «« mci„a. «f 


“"'“"“>5 educuon, which cm meinde consideralion of 
I? j w « prosnin within your own hbiaiy-1 

mS ,h, “"'dimh Ihccnlue pro/emona suff. . proii.m thil 

m i r ‘“'T «I*'>'»'»-”k«Pin« «P with hh,=w mlom.- 
lien -an interest of all membere of the library 


PRIMARY SOURCES 




SECONDARY SOURCES 

tha”°hmIlmf!*ioii*d **1*° sources of information 

,ou™rl.,h " ,‘7.;“’""^'''' •'‘“‘""■"S “1 uidcuiE «™c«, Ihc 
art reviews-provide th h 't section., the directones and atate of the 

liw Lme .afcT l 1 r'.l “"P'- The» cover, 

extent, most of ihe pnmaiy tesourccs^lhe jonmals, the projects, the 

^ Mukuson, Bubaia, op at 

* ^Uhof, Herbert (ed ), ProceeJma of At 1963 r7r„,r. , 

Dare Urban*. Umv^oi^tS 


I Library Applications of 
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O GLNLRAL 

AutocnaUon Lxrtcu. Compitlicnme of Cuntnl RuMan Uictaiuie Dcalinj unh 
Automation Topic*. Intctnatloiul iliyikal InJcK Int. 1909 Park A*e . New York. New 
York. Monthly JllO 

Clcailnthouie Announcement! In ScKitce and Techordosy (CAST) Ocaiinjhoure for 
iedctal Scientific and Technical SnrofiBaiiun.SprinsfleM. Va. 22151. tcmimonthly, 55 
for fliil catesory; 55 (or each adjitkma) two catetotie*. 

6 Automation and dal* piocrutng 

7 BchaitotalKicncci 

17 Information tcKncci 

1 8 Manajement planning 

29 Operationi rtuarch-Theotetlcat 
^0 Rcpiostaphyandiecoiduisdri’tcc* 

U S. Government Reieatch and Development Repoilv CAST ii a fail announco- 
mentiervlce ofUSOROR. 

Computer Bibitogrephie ItuJex American Data Pioccaunt Inc, 4lh lloor Book Bldf.. 

OeUoiUMKh 48226 V. 1. 1956^. V. 2. 1965-67. both volume*. 545 
f^pultr Ywbook enj DurcroO’ American Data iTocaisint Inc 19S30 Mack Ave , 
Deltoii.Mia) 4S226. Annual 525. 

Federal Infoimauon Proceaunf Standard* Retutcr (FIPS Reciiiri) National Buieau of 
Standard*, bupcriniendenl of Document*. Govt Pnm Off . Waihintton. D C 20402 
Tederal Information Pioce*un( Standard* PubUcaiion* Sene* (MPS PUBS) Theofncial 
Hutce of informauon on (tandard* for* hardware, tuftware, appbcalioni and dau 
Ctot, C., ed. Rutslan Books on Automaison aiul Computoi ScienuTic Information 
ConiuttantiLtd .661 Finchley Road, London.NW2 t^bnd. 1966,91 pp 
lAC-Uicraiure on Automation. IFIP Adaunutratne Data Pioceising Croup, 6 Stad- 
houdervkade, Amsterdam W I. Monthly Free to member*. 530 to U.S nonmembet*. 
Infornutlon Processing Journal Cambridge Communicalions Cotp . 238 Mam Street. 

Cambndge. Mass 02142 Monthly. 550. Also avadablo as Computer Abstracts on cards. 
Rickies, Robert Marketing CuUe to US. Coremment Keiearch and Deteloprnent 1966 
NoveiDevcIopmcnt Cotp, US MiURoad.PaikRid^.Newleiscy 07656 229pp 520 
Studiecenirum voor AdimnisCraucvo Auiomausenng International Computer Bibliography 
National Computing Centre, Quay Ifouse, Quay St . Manchester 3, Lngland 1968 
400 pp 550 

Technical Abstract Bulletin Defense Documentation Center, Cameron Station, Alexandiu, 

V 22314 Semimonthly Available to government contractors who are cLgible to 
receive classified material 

Youden, W W. Computer Literature BibbogmpHy 1946 1963 1964 National Bureau of 
Staiulards (NOS mire publication 266) 463 pp S3 75 


1 THEORY 

Ativances In Mathematics. Heibeil Busemann, ed Academic Press, 111 Fifth Ave, New 
York. New York 10003 UieguUr.V 1. 1964-1965. $18. V 2.1968,520 
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reports, the manufacturers’ literature Figure A2 2 provides a Lstmg of the 
secondary sources that one should consider in onler to get a full coverage of the 
field of information processing (even thou^ it wiU have full value only if one s 
interests were far broader than “library automation” today) AFIPS (The 
Amencan Federation of Information Processing Societies)-encompassing IEEE, 
ACM. ASIS (nde ADI), Simulation Council, and MT societies-has recently 
become very concerned about access to this breadth of literature and the list 
represents an overall picture of the scope and coverage that must be considered 
by them as well as Lbranes 

In the list, the 115 secondary sources have been roughly grouped into ten 
areas of subject specialization 

0. General (coverage of the field so broadly as not to be classifiable in any 
one area as such) 

1 Theory (coverage of symbolic logic and its apphcation to sivitching 
functions, information theory or communication theory, combinatones, recur' 
sive functions, automata, artifiaal uiteUigence, cybernetics and control theory, 
linguistic theory) 

2 Hardware (coverage of circuitry, storage devices, peripheral equipment, 
digital, analog, “hybrid,” and control computen) 

3 Programming (coverage of programimng principles, program organiza' 
tion, fonnal syntax of ptogramrtung languages, file organizations, graphics, and 
analog programming) 

4 0 General apphcadons (coverage of applications so broadly as not to be 
classifiable in any one application area as such) 

4 1 Numerical applications (coverage of numerical analysis, statistics, and 
operations research) 

4 2 Control apphcations (coverage of sampled data systems for control, 
cybernetic systems, and analog systems) 

4.3 Business applications (coverage of business data processing, manage- 
ment information systems, and the like) 

4 4 Library applications (coverage of library automation, documentation, 
and science information). 

4 5 Nonnumencal applications (coverage of information retneval, language 
data processing, and graphics) 

5. Management of information processing 

The ones of special relevance to library automation are those under areas 4 4 
(Applications' Libtanes and Sarnce Information) and 4 5 (Apphcations 
Nonnumencal) 

However, most of these secondary sources provide significant coverage in 
many of the ten subject areas Therefore, in Figure A2 3 will be found a 
judgmental evaluation of the areas covered by each Again, areas 4 4 and 4 5 are 
the ones of special relevance to library automation 





I tpjtc A2.2 tronllnufJi 

Ihmin ficicn I ntinmint Stttti. TufU tuntJufy. 

RcKitlh. MftlfojJ. ^UlVKhuKtt* V I. |9*0-J9l<UMl«K '1^- ** f : 

IWO-M hictjjwe J3.nC, J6SMI. A»»a*»4« fiom CV^unft'ouiC for I eoeru 
i-tcnufic vkl Tc^hnkil Infornulion, SriMcAcU. Vx 2H51 
Trentuilons on Aulonuitf Conirol Jn.UluM oflkttiK*! inJ LU4Uonfc» 

3«S L 47U> St^ S«w York, S«* ^wk »00I» QiuHtily. IIT. nonmembcn J rce lo 
tnttnbtrv 

7f8nw<iii«i on tTecmnle CumpoKW. loriUuW *>f IJciltK-*! »"J 
WuKoi. 34S L, 47ih St N«« Yolk. Sc* IMP Bononihlj I ks lomembcH. 
3n to Bontnemhejx 

/iff 7>i)nuc(ioi,| on lluimn foflixt tn tUdnmkt. Inttilutc of I JciUwl »n J I Ifcuonit* 
Wiwei*. 34J t. 4?ih Sl New York. Se* Yolk lOOlJ. 

IxifryuilonJ DMu^phf o/ Automatic ConoU Pwc'C* Auxlemiquei ” 

Oiiuuet Jn QuiUloi. IlruotU 6 . Bcltium. Qoiiifily. 36. of ** 

MouniilofAutomilkConuoUUO soeeui 

Urctu I. C.bUoctJrhy on KepioJocuonoflK^mcnWy “'S 

i-Wift SpccUl Ubc^c* Aiwojtwn. 7J Miu* Su«l. \» 0530 

Aami»LSyb»«tpiwn to Sf>«culLibt»/iefc $11-50. , „ 

Tnhnotot, Hfpof(L UUuy Tc^hnoWy Profi.m. Am.nc.r. UUuy Attocut.on. 
50t.Hu;onSL.ChiC4{o.iaM6ll.BimooUi«y.$100 
«»"% Infcmiuon Scnloe. Anieii«n O.U P.oe««.n» »n«. 4.h Hoof Book BIJfr. 

Ocuoit. Michigan 48226. Monthly. $M . .... r. 

• ^ R y ofiTceinnie Compuien R. V. Ditkci » J*. 

OM68S0 

t. F Some con.nt «iuc« of U.fom.in>« on *"1^^ aS 

IfPfoducuon InAWoe. 1966 (2-3) 26-31. « $3 Rcpnni. »»aJ»ble from Anbar 

P“bi Ltd. 34 The Mall. UUng. Un Jon W 5. InjlmJ ^ c, 

A Dmclorr of llo>nin M^l09pp 

/«3 1965 Human fnginccnni Uboralonw. Abcrfccn Provu-g 

636 082 AvaUablTffom acaru.ehot.sc fo. rcJcal ScicntiHc and Technical 
infomuiion. SpnngnclJ. Vupnu 22151 $4 IIC. $ 75 MF. 

‘ .ManinlL.4 r/,,AiSun.,^o/ 2 tomerl«tfccl»on<eO<pM/f^"V“''^ 3^ j,I5) 

^Uc Research Uboriloncs. Aberdeen pjoeuig Giound, Md (B P 
1.16 pp ,5J0 PB 17126 

“* Suney of Domestic Electronic DigiUl PB 1^65 

R*s*«ch LaboraJot.es. Aberdeen Provu, Ground. Md (BRL Report 1227) PB 1 


3 PROGRAMMING 

R E. Co«l».". 

6L,LonglslandC.ly.NewYorl!in01.toegulai V. 4.1964.5 ^ niancery Lane. 

,„o™.Oo. C. Ud. Chu.™ 

Q)»n 1.1 P 43td St . New York, 

P‘"‘ng Reviews AssocuUon for Computing Machui“y. 21 

York 10017 Bunonthly J2.50.inembeB.$lS.nonmemb«s 
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Figure A2^ (contimied) 


Cybernetics Abstracts English transUtion of Refetativnyi Zhuinal Mathemafika Scientific 
Infonnation Consultants Ltd , 661 Fmchly Road, London, N W 2. England Monthly 
900 X $135 

IEEE Thinsactions on Information Thee^y Institute of Qecttical and Electionics Engineeis, 
345 East 47th SL, New Yotk, New York 10017 Quarterly Free to members, JI7 to 
flonmembers 

Machine Iiitelliience N L, Collins and D Hichie. etb Oliver and Boyd. 40 Elm Ro«>. 
Edinburgh, Scot Amencan Elsevier, 52 Vandcrbdt Ave , New York, New York 10017 
Annual V.l, 1967,51250 

Mathematical Revie^cs Amcncan Mathematical Soc . P 0 Box 6248. Providence, R 1 
02904 Monthly 540 to members, 51^0 to noornemberf 

Sammet. J E An annotated descnptoc based bibliography on the use of computers lor 
non numencal mathematics- In Companng Reriewt, 7(4), B1 B3I, July 1966 
Bibliography 11. See Computing fteneivs. Sect 3 

Sammet, I F Revised annotated desenptot based bibbogtaphy on the use of computers 
for non numencal mathematic* In, Bobiow. Darnel C , ed , Symbol manipulation 
languages and leclini^uet Amsierdam.North.HoUand Pub Co. 1968 Pp 358-484 


2 HARDWARE 

Adianctt in Computers Ptanz L. Ait. ed Academic Press, 1 1 1 Fifth Ave . New York, New 
York 10003 Annual V 8, 1967. 51440 

computer Ourectertstics Quarterly Oiarles W Adams Associates, 128 the Great Road. 

Bedford, Massachusetts 01730 Quaiceily. $2$ 

Computer Display Review Charles W Adams Assocutes. 575 Technology Square, 
Cambridge. Massachusetts. L/pdated. 3/yi 

Computer Daectory and Bu)ert' Cuule. Computers and Automation. Berkeley Enterpnses, 
SIS Washington Street, NewtonviUe. MassaebusettL June issue is the Directory 
Computers and automation subscription. 512 

Control Abstracts Science Ahiffocr*. Store* C InsutuUon of Electneal Engineers. Savoy PI. 
London W C2, England Monthly, 20 L. 

Control Engi/ieenng. R. H Donnelley Corp . 466 Lexington Ave . New Yotk. New York 
10017. Monthly. Free to qualiTtcd US engineen and management 510 to non- 
quahTied 

Data Processing Systems £/»cj ctopeefsr American Data processing Int. 4th Floor Book 
Bldg , Detroit. Michigan 48226 Original updated with supplements. 595, onginal- 
595/yr. for updating 

Elecironictand Communications Abstracls.tiidb^tnct Pub Co,33S Dnve, Brentwood. 

Essex. Eng Monthly, 535 

Electronict Abstracts Journal Cambridge Comniiinicetons Corp , Cambndee Massachusetts 
02142 Monthly. 5110 6 

Electronics Buyers' Guide Uecuonics (June issue). McCiaw HiU. 330 West 42nd Street 
New Yoik.Ncw York 10036 AnnuaLS}. 
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i igui* AU {(ominueJ) 

4 2 AfPLlCATIONS.COMROL 

AJivncri Oi Ct^tirrvt S) tltmt. C. T. LconJct, ««1 AcaJcmIc Piei*, 1111 ifih Avenue, New 
Yoik,StwY«klC»OOJ liiesuUf Y S. 1967. $18 50 
Auioitulic QMi:rol a/tj CittipulfT tncfneerlv V V Soloduvnikov, cd. Perpmon Pren. 

444)1 21il SliecI, Lons tiUnJ Otjr.New Yolk 11101 l(re{uUr V 3,1966,515. 
lYuferu In Contrvt titflntcrtnt R. II MjeiaiUan, T V. Ilissini. and P. Nadui, edv 
Academic Piett, til I dUt Avenue. New Yoik. New Yoik 10003 IneguUt V. 2, 1964. 
51340. 


4 3. APPLICATIONS. BOS1N14S 

AuerlweA S/andtrti IDF Repoftu Aueibaih Corpotation. 121 North Broad SUect, 
Pluladelphla. Pa. 19107 Locncleafwtih monthly updatins. 

AuiomaiuH Rtfu/ift (alM Automation Repwia) Commerce Oearins iioute Inc , 4025 W 
Pcteiaon Ave.. Chicago, lU. 60646 BUTcUy. I963-46. ccaacd 

Oiite Frocettlnt Ywbook. Amencan DaU Pioeewns Inc.. 4ih Hoot Book Bldg . Oetroil. 
klieh 48226 AitnuaL 55. 

fofmt tnj S) ittmi Lttttr. Amenew DaU Pre«»ains it>c . 4 th Floor Book Bldg , Detroil, 
Mich 482 26 Monihty, 524. 

Mwmation S>iiemt DibUopephie Imlex 1962 American DaU Ptocesiing loe . 4ih Poor 
BookBldg.,D«tfoil.Mich. 48226 t95pp 

Journal of Data Hanagment. Dau Ptoceutng kUnagetneni Auoc . 505 Buuc Highway. 
Puk Ridge, 111 60068 Monthly, 55 

Notebook for Aceountantu Auerbach Corpoution. 121 North Broad Stitei, PMadclphia, 
Pa. 19107 LooKlcafwtihupdaltng. 

7<ir«;5>iiemr Letter American DaU Pioecwing Inc.. 4th Floor. Book Bldg , Detroit, Mich. 
48226 Monthly, 524 

4 4 APPLICATIONS. LIBRARIES AND SCIENCE INFORMATION 

Dirtelory of Computerized Information in Saenee and Technohgy l«oiurd Cohan, ed 
Science AMOcutca/InlcraationaL Inc, 2J E. 26lli St, New York, New York 10010 
1968 + Supplement* through 1969, 5175 

no Newt BuUefin General Seaetarlal. loteioational FederaUon for Documenution, 7 
Horweg, The Hague. Netherlands. Monthly. 115 (FID 174) 

Informationllandling and Seienee Information aSetecied Bibliography 1957-1961 PaulC 
lanaske, Ed 1962 American lost, of BNloeical Sciences Biological Sciences 
CommumcaUon Project George Wasbmglon University, 2000 P SL, N W Suite 700. 
Washington, D C 20036 

Information Retrieial and Library Automation American DaU Processing Inc., 4th Floor 
Book Bldg . Deuoit. Mich. 48226 Monthly. $24 

Information Science Abstracts PO Box 8570, ttuladdphia, Pa. 19101 Published by the 
American Society for Information Soctice, the Division of Chemical Literature of the 
Amencan Chemical Soc , and the Special Latnanea Assoc 5l5/yr to members. S2S/yi 
to nonmembers. Formerly called Documaiution Abstracts 
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Computer Softv,are Cambridge CommuwcaUonsCocp , 1612 K St . N W Washington, D C 
20006 1968 500 pp J9 95 

ICP Quarterly International Computer Piograitu, Inc 2511 E 46th St, Suite R-4. 

Indianapolis, Indiana 46205. Quatteily $60/yt 
international Directory of Computer TVogTamr. an Index to Compu/erjze</ information in 
Science and Technology. 1968- L Odian. ed Science Awociltes/Intemattonal 

Inc , 342 Madison Ave , New Yolk. New York 10017 Annual, quarterly updating 
StenaiU i Real-tune procsasuig In Computing Rerteiit. 716), 553-63, Nov 1966 
Bibliography 12 See Cbmpuri/rfRetiewr. Section 3 
Systems Development Corporation Research and Technology Div Report 2500 Colorado 
Avenue, Santa Monica. CaUfomia 90406 AnnuaL 

4 APPLICATIONS GENERAL 

Barnes, Colin I Hatfield College of Technology. Hatfield. Herts. England 66 pp 
The Information Sciences Newslettet Anseti Assoeuies. P 0 Box 102, Papilhoit, Nebraaka 
68046. Monthly. $15 U S and Canada. $20 othet countnes. Includes EducAttonsl 
Opportunities m the Infortnaoon Sciences. 

4 1 APPLICATIONS. NUMERICAL AND OPERATIONS RESEARCH 
Batchelor, James H Operalioni Research An Annotated Bibliography 2d ed 1959 SI- 
Louis University, Press. 966 pp SIO (Oui-of print) 

Ckie Institute of Technology. Operations Research Croup A eomprehensive bibliogrepfiy 
on operations research through 1956 with supplement for 1957 1968 Wiley, 605 3d 
Ave .New Yoik.Ncw York 10016 188 pp $6 50 (Out-of-piuit ) 

International Abstracts ui Operatioae Research Operations Research Sue. of America, Mt 
Royal and Guilford Ave . Battunore. Md. Bimonthly. $12 50 
International Journal of Abstracts on Statistical Methods in Industry International 
StatisUcal Inst. The Hague, Netheitands- $3/yi 1954-63 Ceased 
Operational Research Quarterly. Openbonal Research Soc , London published by 
Pergamon Press, 122 E. 55 th St , New York. New Ywfc Quaiieily, $6 
Operations Research Journal of the Opuatiocu Research Society of America. Mt Royal 
andCuilToid Ave.Balumote, Md. 21202. BunonUily. $10 
Operations ResearchlManagement Saenee Abstracts Sentce Intersciencc 440 Park Ave S., 
New York, New York Monihfy, looseleaf. $75- Combined with Quality Control and 
Appbed Statistics $140. 

OperaUons Research Soaety of Amenca. Bulletin. Supplement Pioceedinge of Naoonal 
Meeting. ML Royal and Guilford Ave.. Baitimoie. Md. 2:202 Monthly, $9. or free with 
OpeniKsM Research 

Progress ui OperaUons Research Wiley, 60S 3d Ave , New York. New York 10016 
Inegulat V. 2. 1964,511. 

Quality Control and Applied Slatistict Abstracts Service tnterscicnce. 440 Park Ave S, 
New York. New York Monthly, tgoaekat, S90 Combined with Operations Research/ 
Management Science 5140 
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rtgunJK2.2 

OrrtJi/ fifjtjrtA anJ Oetthpmmi iit inaUlfie l)MMmcnuik>n NiUoiuI Siicntc 
fociUiiwn, OIPkc of Sociue InfiHrutwn S»nkc Aoibble fjorn tl.c SopfriRlcnJent 
ofDonincnis\^ikhintU>n.UC :0*0j Stmunntul S* H. 
nattivift /of lJucation Amfiu^n U*U hiwctun* ’ 

DtUoit.Mkh 482:6 MonlJily.j:4 

AuittUan So..kiy Cof Icifocoulwn S^icntf (formtjiy Ammcjn 
^>^«mcnuiion tniiitulf) 2000 P Si . NVk ttiJildjCon, 0 C 20036 QuaJlfily *15 
"wmbfn, 225 to rvonnifmbcjt. 

’l^)v 0«d Bw«M licnua UoiUfi. »nJ Mii|om l~ R^rp 

in CamfvUliuful tiafvJi/frt. 3J cJ 1967. 

'>fpi. 1700 Mam Sl«*I.SaniiMaftk*.C.l.fofna»04{>6 34 pp tRM-3»94 3)Jl 

RfWnel I tun. Amtfuaa DaU rto^ciunj Inc. 4ih Moo; Bool BUg . DtUo>t. 
Mh.h 48226 Monthly, J24. 

hwirtv A aj6/..ycf<irA/ on /n/cvnuiton A.«-nff anJ rff6"ofc^ 2*M0p”" 
J«*'y foi Jnfotnutwn S.Knc« tfoimcilr Amfri.«» Ootommuiion InH-). 2000 
R'*'.'4aihuijton.DC.:0036 AnftuaI.196t.$lO(x«®f^P"”’ . , 

or Oiphle Infomttkin />w«u»v linfonnatlon Sucnif • ?»'! an 673 993 

^<«nuuonC«Wf,AI<u.v3,u.V. 229^^'9« V Wo™.2”, 

J’»‘lal>le ftom OcaiinghouiO foi leJccal SvKi>ufi« wJ Ttthmcal Inf 
PnngflcU.Vi 22IJI. An anno(ai(4bibUogiaphr. 

Ltam,nt anj AJo«»k«wI Tnhn^ty *>/ 4 

Uaf„int S-»«. anJ Maau«0 U4. H Mw l«li« U. LenJon. M- 

, 2lirJ2 94) , . -f. 

In EJuctnon 1967- J^uealional R<»uiic$lnfofl»at»'* <[«''«'• d*c 2W02 
Monthly $11. At^Ublt ftem SuponnunJcnt of Docvmcnw. ttashmgion. D C 2^ 

^'^^”^'^urE.Au,on.UcMnu,tA5..U^f»htAr,Hcror^ ''’VrS?2M02 

A.atUhk from 0« Sopoiu-CcnOont of DocomettW. M .Citnglon, D C 20404 
PP 31 30 (Mis monograph 911 » c ...nurc 

Ro^^cnl K . Informaiion S}atmt MIhwU Air »ot« pp 

D«.o,orai«'of Informit.on Sct-Kcs AiUngton. VuEmu 22209 « PP 
<A10SR 664)873) pr««n(cd .1 the 3d AnnuM National CoUoqu.um on Informa 
^ Retrieval. Uni»c,«,y of Henn«lvanto.May IM3. 1966 7>„„,4,wn md 

IntT" DiblKgrephy of fortupt Denhpmtnlt m ^,5 f,om the 

/ maiun Ptoctsslng 1963 National Bureau of Slandardi , ethnical 

nSir"" ^ 

''‘'«d"'/nf BibUagmphyof A'oa T Machensney 

ig,. Compiled and edited by HaitJ M ^ell im j- 294 pp 30\ 

Rt>be,tM,KueU «,d Company. l/8SlCkmen«.Oxford.England 294 pp 
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Figure A2^ (fontmutd) 

Journal of Documentotion Aslib, 3 Betgnve Square. Lxindon, S W 1, Eng Quarterly 30jto 
members. 48s to nonmembers 

Kent. Allen and Harold Lancour Encyttopeda of Library and Information Science Dekker. 
Marcel, Inc., 95 Madison Ave , New York, New York 10016 To be 18 vols Vol 1- 
1968 676 pp, $4S, or S35 by subscnption Articles include extensive bibbogtaphies. 

LARC Reports Library Automation Researcb and Consulting Services. 4500 Campus Dr 
Siute 432, Newport Beach, California 92660 Quarterly, SSO. 

McCormick, Edward Mack. Bibliography oq Uechanued Library Processes 1963 National 
Science Foundation, Office of Soence Information. 1800 G St N W . Washington, D C 
20550 27 pp Muneo^aphed 

Nonconrentional Sc'enti/ic and Technical Infomuiioii Systems in Qirrent Use National 
Science Foundation Available from the Superintendent of Documents, Washington. 
DC 20412 Inegular No 4 December. 1966. J1 75 

Program Ney^s of Computers m Bniish Vnivcrsity Libraries. Queen's Uraversily School of 
Library Studies. 2 College Cardens. Belfast 9, North Ireland Quarterly Available on 
requesL 

Rutgers University. Graduate School of labiary Service Bureau of Information Sciences 
Research Bibliograpliy of Research Relating to the Communication ofSatntiflc and 
Teehnicel Information Rutgers University Piess, New Brunswick, N J 1967 732 pp 
$15 

Scientific Information Notes. Science Assocutes Interoauonal. 23 E 26th St, New York, 
NY.lOOlO.bimonihly $10 

Scientific and Technical Information Absuact Journal 59. Academy of Sciences of the 
USSR, Insutute of ScicnuTic Information (VINITl), Moscow, A-219. Baltyskaya ul , 
td.Monltdy, $10 

Speer, Jack A , comp. Libraries and Auionviion A bibliogiaphy with index Teachers 
College Piess, Empona, Kansas 66801 1967 106 pp 
The Use of Data Processing £<;uipntear by Libraries and Information Centers 1966 
Cicauve Research Seivicei Inc , 220 Fifth Ave , New York, New York 10001 Available 
from Library Technology Program. American Lftiiary Assoc., 50 E. Huron St . Chicago, 
tlL 60611 160 pp $10 


4 J. APPLICATIONS. NONNUMERICAL 

Annual Renew of Informalion Science and recAnology CarlosA Cuadia, Ed Interscience, 
440 Park Ave. S.. New York, New York Aonua) V 2, 1967. $15 
Balz.F.andR H Stanwood Literature on Information Retrieval end Machine Translation 
2d ed. 1966 Inlemabonal Business Machines Corp, Federal Systems Div, Gaithers- 
burg. Hd 20760 168 pp. $2 64 (IBM 9534J300-1. or IBM 3200927) Isted 1962 
(IBM 320-1710) 

Computer Applicatians Senice Ameiseui Data Processing Inc.. 4ih FIom Book Bldg, 
Detroit, Mich. 48226 2 vois.. looselcar with monthly updating. $95 
Computers and ike llumanttici. Annual Bibliognphy for 1966 March 1967 Computers and 
the Humanities. Queens College of the aty Umversity of New York. Flushing. New 
York 1 1367. 5 issucs/yr , $4 
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INVENTORY OF AVAILABLE 
DATA BASES 


introduction 

This survey is bascJ, ui port, on informalion compited m Part 3 of the Final 
Report on MeehanutJ Infarnutfon Senifcs m the Uniteriily Library INSF 
Grant GN<S03), December 15, 1967. supplemcnied by Uala on other data bases 
available since then. The lisiinp here emphasires reference data bases and does 
not claim to be exhaustive even tn (hat coverage, however, it is indicative of the 
growing variety and number of magnetic tape files m existence, of a type which 
might be ulili/ed iti a Center for Information Services in the University Library 
it rejects, for the mast part, pro/ec(s undertaken on a large national s«le, or to 
serve the needs of particular organuations A National Science Foundation 
publicatjort, JVc/ico/iyenrtone/ Scitnufie and Technical Information Systems m 
Current Use, No 4, December 1966, contains an additional listing of more than 
one hundred computer-based mformalton retrieval systems which utilize 
reference data bases In almost all cases, the pnmaty storage medium is magnetic 
tape. 

There are also increasingly large oumbeis of machine-readable files, many of 
them available at nomuial charge, being created by individuals or by small groups 
in industrial organizations, of within uaiveisity departments A number ol these 
(emphasizing text data bases) are noted in compilations such as literary Works 
In Machine HeadabU Form, ' and Compuiemed Research in the Humanities A 


' Carlson, Gary, Literary Worhr ut Machme Readable form, by De Gary Carlson, 
Clirector, Computer Research Center. Btigham Young University, l*iovo. Utah July 1965 
(This Ust IS updated m the January 1967 xauaot Computer and the Humanities) 

8:9 
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hicruchicilly aiianccsi. ficlJ »eni<lwe» Miny hax 


tambk IcnglJi 


RtcotJ foimati (fiicJ of vamble), riom one file lo another, arc 
KUtiiy gnreUteJ. Il U cnJenl lhal Uanditlon or itaniliteration to a common 
fvicji u ncaily impouiblc, and t.Uito»i programmin* a complcJe s>* «m 
data bjjc u far loo eapcnuac The maintcnanic and uiC of programs 
awttaby iponiorin* organUalloni appcait lo be cumbersome and 
W«r tiamflc. there ate 15 programs »n»ol*ed in the American e 

i>uem). and Ihe Incompatibility of wlliiare adds to the 


DLPARTMLNT OJ- THL AIR 1 ORCL 

Legal Information Through LkcUomes (LITL) 


of the Judge Adiocaie Ceneial/LITL (HQ USAF) 
pUoUy Street 

*>'8ier. Colorado 80216 


t?( “ * total-teat information iioragc The data base 

force Accounting and Finance Center in Denver. United 

“, •» m II,,. conuin. II, c loUl ,«t ot J-™”'"'’ “ MR) .»J A.mrf 
(1964 Ed ). Court of Mitilary Appeals citaUoni 

Sr RcsuUUon (ASPR), S .“S ,nlo 

*“P« "®‘“- Eaistm? tC UTE system has been 

jui. Decisions, Regulations, and Other. Th ^ a j,y |j,e user 

tndi retneve documents containing »ofd» os phrases .pj^j^jT), citation 
3 .y«. of CO^PUIT PA».0«. 

Pn,,. ’ “* a published abstract can be pnnted .^.^0 LITE now 

j;s“‘ ^ (CITE): key.word-u.<onleKt «U1 have 

^^'''“themostcurrentdocumeriU.n.t.databasesbu 

file of all source documenB indud ® of the system 

repealed, or eliminated Search and relneval P contains 

two flics. (1) the text fik. C2)‘»‘V°f !mes of tS* processed 
mt^mval, and their locauo . „ and for profile 

fo, a sophisticated system of «»“'P“‘'" “’J^Heveloped 
(Elective dissemination of mformatmn) have also been deve P 

IBM 1410 

, RCA Spectra 70/45 , riTF 

The Dep„,„e„. o, U.= A» F«« 
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Survey.^ The Council on Social Saence Data Archives has published a brochure, 
Socul Science Data Archives in the United States, 1967,^ which hsts and 
describes files covering a wide spectrum of subject matter (emphasizing 
numerical data bases), many of which are available from sponsonng institutions 
A commercial publication, Direcloiy of Computerized Information in Science 
and Technology, 1967.^ was published m Spring 1968. Other directones, 
covering computerued informabon in Medicuie, the HumamtieS, and the Soaal 
Saences are planned. These will be published as part of an “International 
Information Network Senes*’ and will serve to bring the existence of many more 
machine readable files to current awareness 

In the following pages, the information assembled about each tape file, where 
possible, IS 

1 Address and Director of the creating agency 
2. A brief description of its nature and contents 
3 File charactensUcs and size 

4. Availability. 

5. References to further documentation 

In some cases, it was impossible to obtain all of this data while for other files, 
detailed information was readily available 

Several overall observations about data bases can be made from an 
exanuaation of this listing' 

Many of the files were created for specific purposes and were tailored to meet 
the special needs of the parent orgaiuzauon Therefore, they have been designed 
without regard to a capability for easy readability for other purposes 
Documentation in such cases is frequently poor and mcomplete, and coopera* 
tion IS apt to be uncertam or unenthusiastic. 

On the other hand, some organizations (both profit as well as nonprofit) are 
m the business of maintaining data bases and providing a vanety of services— 
searching, preparing reports, copying files, and producing extracts or subfiles 
These data bases are generally, but not always, easy to read and well 
documented, and ate usually furnished with computer programs to read, search, 
and otherwise process the data mvolved 

The majority of organizations surveyed initially used IBM equipment, 
particularly 1401/1410 systems. Most, if not all of these, have converted to 360 
systems. The use of tapes u sUU donunaot, the trend to greater use of disks 
being, at the moment, quite small. 

From a file-management point of view, most of the existmg data bases have 

* Bowles. Edmond A . "Computerued Research in the Humanities. A Survey.** ACLS 
Newsletter Special SuppUmentUune I9tg) i-t 9 

• Socul Science DaU Archives m the United SUtes, 1967 " Council of Social Science 
Dau Archivev New YoiV, New Yoik 

DirKtoty of Computenzed InformattoHin Science end Technology Part /, 1968 New 
Yoik. Science Aisocuus/latemationat. 
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AMLRJCAN UlBLlOCRAPlllCALCLNTLR 
HISTORICAL ABSTRACTS 

American Dtbbu^aphical Center 
SOO.Micheltorcna Avenue 
Santa Barbara, California 93103 

Director Dr. Cric Boehm 

Oala ABC hat utiUzeJ a computer in the pnxluclion of yearly indexes to the 
quarterly abstract journals America llhiory and Lift, and Historical Abttracts. 
^d to cumulate the entnei from five separate annual indexes to produce a 
five-year index (1960-64) to Huiorical Abstracts. More than 500 penodicals are 
surveyed for America History and Life, which covert U.S and Canadian history 
from prehislone times to the present. Approximately 1,000 periodicals are 
surveyed for Historical Abstracts, which includes articles related to the histoiy 
and social sciences of the world dunng the penod 1775"1945. Machine-readable 
index elements for each penodical are: personal names (author, biographic, 
autobiographic), multifaceted terms covenng subject and geographic area, and 
chronology Plans are In process for conversion of Ihe abstracts themselves and 
the bibliographic references to machineabteformf/l'ncnce History and Life, in 
1968, and Historical Abstracts In 1969) 

file eliaraetensties and size Files are presently on punched cards, conversion to 
magnetic tape was planned for early 1968. Approximately 35.000 abstracts are 
indexed, with an average addition of 3400 abstracts per year 

Computer. IBM 1410. Conversion to a 360/50 was planned for early 1968 

Htfetences. 

1 Historical Abstracts, y 13, No. I (March 1967) 

2. America J/lriory end ii/ir, V. 2, No. 4 (July 1966), Annual Index 

AMERICAN CHEMICAL SOCIETY 
JOURNAL OF CHEMICAL DOCUMENTATION 

American Chemical Soaety 
Publications Department 
1 ISS Sixteenth : Street, NW 
Washington, D C 20036 

Directorof Publications Research Joseph H Kuney 

Data Computer-aided typesetting methods (utilizing the Photon 200) are used 
in the production of the Journal of CAemteal Documentation The complete text 
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Data Bases and LITE Computer Programs to parties outside the Federal 
Government, mcluding any person, firm, educational institution or other 
orgamzation in the United States The lessee may make the number of copies of 
the leased material speafied under the terms of the lease The lessee must 
furnish to LITE techmcal data developed through use of leased LITE property 
such as magnetic tapes, new data bases, programs etc Two types of leases are 
offered a lease for any purpose, mcluding commercial use, or a lease for 
research only in which the lessee will be lumted to using the reproduced LITE 
property for expeitmental, developmental or research purposes 

(LITE Data Bases and Programs are subject to continuing revision and update 
but leases will not include any such changes to leased LITE matenals made by 
the Government subsequent to the execution of any LITE lease } 

The following pnang schedule was established and published m April 1969 


Ma\OT Data Batet 

US Code, 1964 Edition, through 
Supplement III 

Published Compt.-Gen Decisions, 
Volumes 1-46 

Unpublished Compt 'Gen Deasions, 
June 19SS-lune 1967. 

Court of Military Appeals, Court 
Martial Reports Vol 1-38 

Boards of Review, Court Martial 
Reports, Vol. 1-37 

International Law Agreements 
(published) 

International Law Agreements 
(unpublished) 


Basic Charge 


Research 

Unrestricted 

SI,S81 65 

$ 6,326.61 

$4,788 52 

$19,154.11 

$4,290 58 

$16,962 27 

$1,572 64 

$ 6.290 56 

$2,656 96 

$10,627.85 

$ 69100 

$ 2,763.99 

$ 681.44 

$ 2.753,76 


AU pnees are subject to change without notice. 


Be/erences 

1. Dans, Rich«d P . •'The LITE System.” The United States Air Force JAG 
Law Review, V. 8, No. 6 (November-December 1966). 

2. Dieiemann, Donald C., ''Using LITE for Research Purposes." The United 
Sates AIR Force JAG Uw Restew. V. 8, No 6 (November-December 
1966). 

3. LITE B'ewsUiter. V. 2, No. 3, Much 1969 

4. LITEMewsUtur, V. 2, No. 4, April 1969. 
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Of tape filet- A tape senice is pUnncJ in aJdition to the hard copy 
luues of the biblio£raphy lIo<*CTcr, the existing tapes contain the typographic 
codes and other symbols utihred m the pnnting process A cleaned version of 
the tapes was planned for early In 1969 A prrct has not yet been established In 
addition. It u possible that the unedited tapes will be released to a few users for 
research purposes 

References 

1 Juhasz, S., Uditor. MAMMAX (Machine Made and Machine Aided Index) 
Nt'SAIS (National redcralioo of Science Abstracting and Indexing 
Services) Annual Meeting, rtubdelphu, March 1967. San Antonio, Texas, 
Applied Mechanics Reviews (AMR Report no 45). pp 9*15 

2 Annex to Qibtiography, Oocucnentation, Terminology, Vot Vltf no I 
1968 ‘‘United States of America National Qibhographical Services and 
Related Activities in 1966” by lletcn Dudcnbostel Jones) p 14 


AMERICAN INSTITUTC OF PHYSICS 
AlP DIBUOCRAPHICSCARCHTAPCS 

Aitienean Institute of Physics 
information Division 
33S East 45th Street 
New York. NY 10017 

Enquiries to Dr. Rita G Lemer 

Data The tapes will consist of the input records to the AlP information store 
(each tape is expected to contain an average of 2000 journal article records) The 
tapes are used m the production of Physics Abstracts 

File Characteristics See ‘‘Characlerulics and Format of AlP Bibhographic 
Tapes" by Kenneth D. CarrolL Presented at the Association of Saentific 
Information Dissenunation Centers (ASIDIC) meeting, October 22-23, 1969, 
Midland, Michigan 

Computers IBM 360/40 and 360/65 (for compiling the tapes) An RCA 
Spectta-70 and Videocomp 820 photocomposer are being used for prmting 
selected items from these tapes by computer-based photocomposition. 
AnatlabtUly of tape filet. During the penod Januaiy-June, 1970, the tapes wiU 
be supplied to selected organizations for field testing— national laboralones, 
university information centers, and uidustnal corporate information centers, in a 
variety of programs, and operating on several types of hardware Close liaison 
with these pilot tape users will be maintamed so that the bibliographic tapes 
offered the physics commumty as the first production output of the National 
Information System for Physics might be as complete and as close to optimum 
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of the journal is ui machine-readable foim, with special codes added to control 
sue and spacing of characters, and article formatting The first issue to be 
produced m this manner was that of February 1966 
Computer: IBM 360/30 First used IBM 1460 

^vaifabifilji of tape files The ACS is currently setting four journals in this 
manner. This is significant not only for publishing purposes, but also because a 
by product is the encoding of scienbfic literature m machme-readable form at 
the tune of original publication. 

References 

I Kuney, j H , Lazorchak, B C , and Walcawch. S W , “Computer-Aided 
typesetting for the Journal of Chemical Documentation ” Journal of 
Chemical Documentation,'^ 6,No 1 (February 1966) 

2. Information m a letter from Joseph H. Kuney, Director of Puhhcations 
Research, Amencan Chemical Soaety, December 26, 1968 


AMERICAN GEOLOGICAL INSTITUTE 
GEOLOGICAL SOCIETY OP AMERICA 
bibliography and index of GEOLOGY 

Amencan Geological Institute Geological Society of Amenca 

1444 N Street NW 231 East 46th Street 

Washington, D C. 20005 NewYoik.N.Y 10017 

Manager, GSA Bibliography Project' Joel ] Lloyd 

Data. The computer-based Bibliography and Index of Geology is pubhshed by 
the Geological Society of Amenca, in cooperation with the Amencan Geological 
Institute. 

Be^jung with the January 1967 issue, the entire content of the journal is 
contained on magnetic tape The data items included for each entry are 
accession number (a 3-part number indicating 1) field of interest or category, 
2) volume and year, 3) umque number of announcement), title (if in vernacular, 
English title is pien), authors, complete bibhogiaphic mformation, the UDC 
number, and an abstract (average of approximately 100 words) Also on tape is 
the subject mdex, consisting of three-level indexing term sets following the 
system devised and used by the U S Geological Survey. Each set of terms is 
followed by the abstract numbers of the relevant items. 

File characteristics. The computer processing of the matenal follows the system 
developed and pto^ammed by the U S Geological. Survey foi lU Abstractr of 
J-'orth Amencan Geology, and the AGI-GSA and USGS systems are compatible. 

Computer. The onginal programs were written for an IBM 1410. and are 
ptesenlly run on a 360 in emulated mode 
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Computer, IU\J 1401, 70y0. (Ihete are 15 computer proferamr invoheJ in the 
API r)ttcm 10 for the 1401, and S for the 70‘>0) Search programs for the 

Muter file involve the 1401 

AioiUbibiy of tope filet Tapes are available on a subscnptlon basis, anJ are 
issued every four months, with cighl*inonlh and annual cumulations In addition 
Jn the tape filet, a subscription includes (I) Petrokum Abstracts (weekly), 
(2) Alphabetic Subject Index (monthly). {i)Pual Dictionary (quarterly), and 
(4 )kis of Abstract cards. Search programs arc provided for the 1401 or the 
WO Basic subscription rate depends on the type of company or institution and 
•I* fmanaal assets, for example, charges to a non petroleum company with 
»t«ti of less than SlOO million would be $2,000 per > ear. 

^r/«enf<i 

* Humphrey, Allen J.. API Information Retrleral S}Stem. Computer Manual 
N'ew Yoik, American Petroleum Institute, ID66 
2 MulvihiU. J. G . and Brenner. E. H . •'Faceted Organization of a Thesaurus 
Vocabulary.'* American Documentation Inslilule, Annual Meeting. 
Ptoceedings, V. 3 Profrett in Information Science and Technology Santa 

Monica. CaU/omii. 1966. 


AMLRICAN PSYaiOLOCICAL ASSOCIATION 
PSYCHOLOGICAL ABSTRACTS 


Psychological Association 
-UO Seventeenth Street. N.W 
Washington. D.C 20036 


Associate Director, /’fyc/io/ogiw/.lhrrrocrr. William S. Learmonth 

{’“'"■The contents of the printed volumes of PA. ate available on tape from 
an. 1967 p.A. now covers some 850 joumaU and is reviewing a further 600 
w'tnaview to inclusion. 

^^"acteriiticj and She The tapes were created on a PDP-1 computer 
^ograms are bemg wntten to make the tapes IBM 360 compatible. The file size 
^PPioiumately S5.000 records, increasing at about 20.000 per year 

„/ ,„.bUira,nt of • pncing .chedule .s stm 

vea but it is estimated that it will be in the region of $3000 per 

*t the present rate of mput. 

References 

* 19^69)”^*''^'' 3 quesUonnaire from Robert M Sasmor (Sept 

Information m a letter from WiUiam S. Learmonth, Feb 19, 1970 
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format as possible The tapes are scheduled to be offered to the community on a 

production basis as of July 1 970 

References 

1. A.1 ? Information Program Sewsletter See espeaally issues of Apnl 1969 
and November 1969. 

2. “Charactenstics and Format of A I P Bibliographic Tapes,” Kenneth D 
Carroll Presented at the Assoaation of Saentific Information Dissemina- 
Uon Centers (ASIDIC) meeting. October 22-23. 1969. Midland, Michigan 

3. Plans for a fiational Phystet Information System, Fraat L Apt, and Arthur 
Herschmann New York American Institute of Physics, March 1968 


AMERICAN PETROLEUM INSTITUTE 

Amencan Petroleum Institute 
Division of Refining 

Central Abstracting and Indexing Service 

5SS Madison Avenue 

New York. New York 10022 

Manager. Mi. Eveiette K Biennet 

Data The API Central Abstracting and Indexing service receives ISO technical 
journals, various government reports, technical meeting preprints, and patent 
publications of ten different countnes Articles and patents relevant to refining 
or petro-chemicals are selected to appear (in abstract form) m the weekly 
journal. Petroleum Abstracts In addition, the citations plus index terms serve as 
input for the following computer-produced items 

1. Pnnted Alphabetic Sub/ect Index to Petroleum Abstracts 
Issued monthly, cumulative every six months 

2 Dual Dictionary (alphabetic listing of subject terms, with the 
abstiact numbers of documents indexed under each term) 

Issued every four months, cumulative for each year 

3 Reels of magnetic tape containing mformation about all 
abstracted documents. Separate flies are issued for “Ulerature” 
and patents. 

File characteristics and size. Tape lecQids include complete bibliographic 
citations, plus desenpfors (average 20-25 per document) Desenptors are in 
alphabetic form, m fixed fields of 36 characters. “Lmks” serve to urute sets of 
two or more descriptors, and “roles'* are used to cover such functions as 
“agent,” “catalyst,” “product,” “substance being analyzed,” etc. 

In 1967 files contained more than 50.000 literature citations (with some 
1,300 additions per month), and approxusmtely 40,000 patent references (1,000 
additions per month) 
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AITLILD MLCIIANICS KLVILW 
ApplicJ Mechanics Review 
Southwest Research Institute 
SSOOCulcbra RoaJ 
San Antonio, Texas 

Director Mr. Stephen Juhasx 

Data. The WADLX (Word and Author Index) system was used to produce 
indexes to two volumes o( Applied Jlfeefij/iies Review (1962-1963). This is a 
KWOC (Key-Word-out-o(-Conlcxt) type index, and lists designators (either a 
word m the title, or an author's name) in alphabetic order, followed by the 
citations in wluch each word appears Citations include names of all authors, full 
•'lie, and reference (year, month, and review number) to an AMR issue 

Compuler IBM l-lOl (12k). 

^ojfamr. There are fourteen computer programs involved m the system eleven 
■pecul programs prepared specifically for the WADbX, plus one also used for 
•he AMR 1963 Subject Index, plus two IBM "canned” programs 
fleference 

WADEX Word and Author Index Description and proiram documentation 
Modified. Applied Mechanics Review, 1966 (AMR Rep. No 38) 

ASPCN SYSTEMS CORPORATION 

Aspen Systems Corporation 
The Webster Hall 
■•‘•IS Fifth Avenue 
Pittsburgh, Pa 15213 

Director John F. Horty 

Data Aspen’s System 50 contains the laws (i e constitution and statutes) of all 
SO states in full text form, the onpnal file composed over 200 million words of 
text, and will be updated "as state legislatures enact new laws ” 
f^ile Characteristics Tape is 9'channcl, SOO b pa , with no leader or trailer labels, 
8S byte logical records in 1615 byte blocks The data is encoded in lower as 
well as upper case 
Computer. IBM 360/40 

Availability of tape files Aspen emphasizes its vride range of services rather than 
the sale of tapes, though these are available for purchase (for example, the 
CaUfornia constitution and statutes file costs approximately $212,000 ) 
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AMERICAN SOCIETY FOR METALS 

Amencan Society for Metals 
ASM Documentation Service 
Metals Park, Ohio 44073 


Duector' Norman E. Cottrell 
Associate Director* Mrs Marjone Hyslop 

Data- The ASM Documentation and Information Retneval Service collects and 
indexes literature in the following areas general metallurgy, production and 
fabncation, properties, internal structures, transformations, and reactions, 
products, parts, and equipment, mateiuls, and allied fields m chemistry, physics, 
applied mechanics, atomic energy and nuclear reactor technology Types of 
literature included are journals and senals, hooks and symposia, reports, 
patents, preprints of technical articles, translations, and industrial publications 
Input to computer consists of complete bibliographic citations, plus 
descriptors. The index terms are taken from the “Thesaurus of Metallurgical 
Terms," which is compatible in terminology and format with the EJC Thesaurus 
The magnetic tape files aeated are used ui the production of subject and author 
indexes to the tnonthly abstract journal of Metal Literature, ani lot 

"current awareness" retrieval requests (atation pnnt-outs) 

File chiractenttics and size Two files are involved in the system one is 
organized sequentially, and the other is an inverted subject record Files 
retrospective to 1962 (apptoxinutely 100.000 citations) are being converted to 
the Mark 11 system, which is currently in use Approximately 30.000 citations 
are added per year 

Computer IBM 1401 (12k) Transition was planned to a 360/30 in Fall of 1967 

Arailabihty of tape fiies. At present, tapes containing the Index files are 
available to ASM "Research Associate" organizations Rates are S4,000 00 to 
S8,000 00 per year. Subscnption includes programs necessary for retrieval, 
consulting on retneval problems, and sets of printed abstracts on cards (In 
addition to providing financial support, the participating companies supply user 
feedback information ) 

References 

1 Hyslop, Maijone R , “What is Metallurgy Today?” Metals Review, V. 36 
(November 1963) 

2. Amencan Society for Metals, Documentation Service Mark il Information 
Retneval System (brochure) Metals Park. Ohio, 1966 
3 Hyslop, Maijone R, “The ASM Information Retneval Sjstetn After 
CraxiTitli" Journal of Documentation,^ 21, (March 196S1 
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4tailabiliiy, Uudibution. contract number, etc. Basu of subject inJexing ii the 
Tit Auihonly List of i lelJ/Croup Tciminotogy, aJaplcJ from the COSATI 
u^ject Category List. Matrnali handtej inUuJe. reports anJ conference papers, 
journal literature anJ boots, patertts, Iransblions, non-ALC unnumbered theses, 
*nd (^ML’sfLnginecnng MatetiaU Lists) Two mam files are computer produced 

I- Lntiy Pkle, generated tv>Ue per month. Lach file conlams entries 
m the corresponding issue of AucUar Scienie Abttraeu, plus 
additional information which is not published, eg, COSATI 
rield/Gtoup words and codes. Lntrict are in order by ASA 
abstract number. 

Selector file, a bnear file containing the selectors (Leywords and 
vanous "additional terms") assigned to items within an issue of 
ASA. The file is ordered by abstract number, then by "split *' 

Split indicators serve as "links" in that they are assigned to 
selectors which logically relate to each other 
fitf eharacienuta and sfjc Files arc written in BCD notation, on 7-channel 
tjpes at SS6 bits pet inch density Records ate variable length, with a maximum 
bf 1004 characters Input is approximately 40,000,000 characters per year 
"TIE IS in process of defining formats for files using 120-chuacter set 
Computer. IBM 360/20 for input conversion. IBM 7090 for processing 
d ^ailabthiy of tape /i/<f Tapes have been made available to other users, among 
them Argonne National Laboratories and Lawrence Radiation Laboratory 
Subscription information may be obtained from 
Mr Edward J. Brunenkant, Ouector 
Division of Technical information 
Tl S. Atomic Energy Commission 
Washington, D C 70545 
Reference 

f- Atomic Energy Commission, OiviHon of Technical Information Descriptive 
Cataloging Guide. Oak Ridge, Tennessee, December 1968 (T1D-4S77, 
Rev 3) 


BIOSCIENCES INFORMATION SERVICE 

Biosaences Information Service, of Biological Abstracts 
3815 Walnut Street 
Philadelphia, Pennsylvania 19104 

Director Phyllis V Parkins 

Assistant Director for Systems Development Miss Louise ScbjilU. 

Dafj BIOSIS creates four tape files, which are used ui the production of mdexes 
to Biological Abstracts. These indexes are 
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References 

1. Aspen Systems Corp Searehmg Law by Computer (brochure) 

2. Aspen Systems Magazine.y 1 No 2,1969 

3 Information in a letter from Mr J Sperling Martin, Assistant Director, 
Computer R. & D , Aspen Systems Corp , Dec 12, 1969 


ATOMIC ENERGY COMMISSION 

ATOMIC AND MOLECULAR PROCESSES INFORMATION CENTER 
Atomic Energy Commission 

Atomic and Molecular Processes Information Center 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37831 

Director C F Banett 

Data. Data on particle physics, atoimc and molecular structure, and transport 
phenomena in gases are collected and evaluated by the Center The onginal and 
the screened data are on magnetic tape, and programming for computer 
searching is m process The Center is presently operating from punched cards 
Asatlability of service The Center’s services (custom literature searches, 
compilations of data, or reprmts of articles or reports) are available without 
charge to utuveniUes and research institutes as well as to government agencies 
A'oie AEC*related specialized information centers are m operation throughout 
the Uruted States Many of them are m the process of creating machme readable 
files in their respective subject areas. 

Reference 

1. US Atomic Energy Commission, Division of Technical Information 
Specialised Information and Data Centers for /Nuclear Science and 
Technology (brochure) Washington, D C., 1965 


ATOMIC ENERGY COMMISSION 
NUCLEAR SCIENCE ABSTRACTS 
Atomic Energy Commission 
Division of Techmcal Information Extension 
Post Office Box 62 
Oak Ridge, Tennessee 37830 

Chief, Computer Operations Fred E Marsh, Jr 

Data The Division of Techmcal Information Extension (DTIE) inputs descnp* 
Uve catalogmg information for generation of magnetic tape files used m 
production of Nuclear Science AbstractSt and for SDl programs Input consists 
of bibhographic citations, plus such items as secunly classification, pncc. 
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OJia liPA K*nj j >»iJc kctment ol «ic uicnufu lj«<i»lute for arl ivies nlaling to 
(Iccirivil cntinccnng Absliavis aie lalcn from ibe ontir'*! arlivlii or from 
‘bsirjcJ senitti suvli as I leUtual 1 ngincenng Al'Slravls. i npinccnne InJcx 
Abstracts etc Input lu computer torsucis of lubbuptaphic information 
•evunty classification of ttic document, the ahsUacis and descriptors Aoto- 
inJcein* IS used that is. dcsciiptoi* arc appended to llie tape records directly 
'turn tlic abstracts ihcmscUes lor .Sl)l propamt. multiple keyssords are 
“tUvicJ if they correspond to phrases appeanns it» current user profiles Tins is 
tvcumplichcd by use of a dictionary tape generated from the profiles. I or files 
“sf J for rctrospccltse Searching, wnglc keyscording « done f aulomatically J of all 
’‘“'Js.except those listed un ar> exclusion tape. sstuJi appear In an abstract 

h‘t <hjraiuriiiict unJ ti:c Tape is 7-chaiincl. recorded at SS6 bits per inch 
I lie consists of approximately oooo abstracts, u.lh an addition of some 

per neck 

Wuier IBM |4fn (8k). 

■ relerson. .Sonnan U . Seltciite Dtii<minai$on of hfomatton (unpu is le 
i> pc Script), i•orlland. Oregon. Ilonncsillc Pouer Adrninislration 


K. K UOWKLK COMPANY 

Us^n ®‘”*‘‘*f^-’on’pany 

Avenue of the Anicncas 
*'»»ark,New York 10036 

JohnN Berry, in. Book Ldilorial Department 

PuM begun jutomaling production of Record 

‘"‘•'“‘■‘"g ‘^*0 comprehensive punched paper 

tan *" "’»‘:'‘me readable form (either on punched 

fLrh' ^ Children's Books 

l , Curr/e to Books m Print, 

tea T ““ rf re mTe 

con ^ ^tmericurt ^oaJfc Trade Directory are in tne p 

'®rted to machineable form 
^°'nputer IBM 1460. Honeywell 200 

0/ r„pe flies Bowker’s basic pohey rs to make 
" “Nation available in machine readable form, including magnetic tape 
’“f^ctive pnee - 
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1 AUTHOR index, begun in 1959 and containing authors names, 
and volume and issue numbers 

2 BASIC (Biological AbUtacts Subjects in ConlexI), begun in 
1959, containing jscrmuted Wle fragments and abstract 
numbers 

3. CROSS (Computerised Rearraagemeat of Special Sobyecls) 
begun in 1963, containing fiv«-digit numeric CROSS index 
codes, and abstract, volume, and issue number 

4. BIOSYSTCMATIC, dating from 1964, containing abstract 
number, BIOSYSTEMATIC code number and its alpha equiva- 
Icnt, and CROSS code number and its alpha equivalent 

5. BA PREVIEWS, a new service in l‘*69, which makes available 
the 13,000 plus references published monthly in Biological 
Absiracis and BioResearch /lu/ex-approximately one month in 
advance of the printed versions File contains BA and Bio- 
Research //idea volume numbers, abstract or reference number, 
primary author, primary journal reference, code for subject 
headings in the CROSS and BIOSYSTEMATIC Indexes 

File characteristics and size Records are on 7*channei tape, recorded at 556 b>te 
per inch density Approximately 700,000 items (abstracts) are covered, for each 
of which there arc an average of seven BASIC records and one AUTHOR record 
For over 200,000 of those items there is also an average of five CROSS records 
and 4 BIOSYSTEMATIC record 

Purther characieristu-s ate (I) AUTHOR lile all records 60 characters 6 
tape reels as of 1967 (2) BASIC file 90 character records. 50 reels (3)CROSS 
file 18-charactef records. 7 reels. (4) BIOSYSTEMATIC file 60-character 
records, 3 tape reels, (5) BA PREVIEWS Itle tapes are 9>channel, 800 b p > , 
v.icuble length, variable block 

Computer IBM 1440 Conviixion is planned to 360/30 
Keferenies 

1 Parkins, Phyllis V , Biojcientc Information Strnce of Biological Abstracts 

1965 (unpublished typescnpl) 

2 Biologual Abstracts. -19 US) 1 Aug 1968 

3 BiologualAbstiacis JO (17) I Sept 1969 


BONNEVILLE POWER ADMINISTRATION 

OS Department of the Interior 
Bonneville Power AJmimsUation 
Portland 8, Oregon 


System Engineer Val Lava 
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imoKing jnJ rcUte J opcr Jtlon* *«lhin the company. 

hie Cherjdertnlci anJ size i, book acouisition Jata 

( 1 ) ll.iltr IW. /II. 

contiming a unujue Uio Dart b<K)k number inJJcatms P 

'‘tllasgivmgunmuciJenUf.caUon ,,,h..4eJ scICLbon and acquisition 

U) ffooki Coming /..ro/>i..» „„h special classification and 

fit* containing approximately 16,000 tine* 

dcscripiion required to fit customers piolilc on is contained in the 

( 3 . Uook o,.l«r f Co„ri.« ro™.. 

specific format used for Uro-Dart Hook .. (,ul isexpected to 

deccloped prior to the Library of Congtess . 1 / available. A Register 

be compatible i^ith MARC H -^jUjung m the Repsier entries 

type Book Catalog is used wiih full ‘*'^1' .ubie^ contain author, title, year 

Three indexes, arranged by autlior. ^j5e number foreach book 

of publication, call number, and unique Kg 

not made available dircclly to users as 
AxatUbihly The maior files m use arc not mau 
databases 

Rtftrtnce . , vrce-rKsidenl. Stacey Division. 

I Information in a letter from Brett Butler. 

Bro Dart Inc, Teb 1969 


BURSAU OK THE CENSUS 


Us Department of Commerce 

Bureau of the Census 
Washington, D C 20233 


Director- George Hay Brown T.imer Jr 

Chief. Central Users’ Services. MarshaU L Turner. Jr 

I KU > Wide variety of magnetic tape files, which are 
Data The Bureau has available a f<jr publication These files are 

byproducts of the work of processing 

summary statistical information, which 

compiler Upn rej.tdms mdA.dual., 

do not r..«l ~nM' s.nipl. »U ot md.vidu.l 

establishments oi " ^ identifying information have 

lecotda ft"” porfnued Examples of these ate the 

been "”^”/„d the OneAit-Ten-Thonsand samples of the 
Ce“nid"es ot Populalion and Homing 

Tape tiles eove, .«eh adhteet. i» popuhttmn. housing, agnenltuie. business. 

toielgn trade, etc Example! are 
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BRITISH NATIONAL BIBLIOGRAPHY 

The Counal of the British National Bibliography 
The British Museum 
London, W C 1 

Head of Research and Development R B Coward 

Data The British National Bibbography has undertaken a project similar to and 
compatible with the Library of Congress MARC (Machine Readable Catalog) 
The (British) Office of SaentiDc and Technical Information of the Department 
of Education and Science has made the project possible through a grant to BNB 
for producing full bibliographic records of the current output of British 
publishers The system analysis and programming will be earned out under a 
sub-contractual arrangement with a British firm and close cooperation with the 
LC/MARC project is expected The system will also be designed to print a BNB 
Index, ui coded standard book number sequence, and a Title Index in 
alphabetical seduence of all BNB records added to the catalog each week 
Fi/e CAaroeterisuC) The BNB MARC record will follow the agreed H S MARC 
11 file structure with appropnale additions for British usage 
Atailabiluy Arrangements have been made for a number of Bntish libraries to 
use BNB tapes on an experimental basis Regular exchange of magnetic tape files 
between BNB and LC wUl mean that users in both countries will have access to 
catalog records. Local institutions could take these tapes, add local data and use 
them m their own systems 
Jie/erencei 

1. "Development of Computer-based Central Cataloging," ASLIB Proceedings. 

V 19, No. U (November 1967) 

2 "Machine Readable Catalog Record foi BNB,” tC Information Bulletin 

V 21, No 17. Apnl24, 196S). p 229. 

3. Coward, R. E , "The United Kingdom MARC Record Service ” In 
Organization and Handling of Bibliographic Records by Computer, Edited 
by N. S. M. Cox and M W. Grose Onel Press. 1967 


BRO-DART.INC 

Bro-Dart, Inc. 

Box 923 

1609 Mcmonal Avenue 
Williamsport, Pa 17701 
Phone (717)326-2461 

Vice-President Stacey Division Brett Butler 

Data Computer files are used at Bro-Dart for all catalog services and the 
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CIILMICAL ABSTRACTS SLUVICL 

Chemical Abstracts Service 
2540 Olenianey Riccr RoaJ 
Columbus, Ohio 

Direc-tof. Dale B. Baler 

Manager, Subsc'itbcc Information Service Mr LlJcnC Johnson 

Data Chemical Abstracts Service is shifiine from an indexing publishing 
operation to a computcr-bavcj information system, with output possible in the 
form of printed pages (publications), micronim, or computer searchable 
magnetic tapes The publication of CAemicof Abtiraeis itself is not yet 
automated, but plans were in ptogreufor il to be produced by computer-driven 
photon by 1969. The following tape files arc involved In the production of 
indexes to CA 

\ Those generated in the production of Chtniual Tiilts These 
files, dating from 1962, are used to produce a KNViC type index 
containing, in 196?. wet $00,000 titles Retrieval is possible by 

(1) words appearing in the title, (2) author names, and 
(3) journal Coden. 

2 CDAC (C/i<mi«/ and Biologual Acimiics) tapes Dating from 
1964, and containing over 21,000 titles plus abstracts, CBAC 
files supply information on (l)Aclionof organic compounds 
on animal and plant systems, (2) Action of animal and plant 
systems on organic compounds. (3) /n-virro reactions of organic 
compounds of biochemical interest Search questions for these 
tapes may include phrases, words (words appearing in article 
titles and digests), fragments of words, author's names, journal 
name, and chemical compound registry numbers Answers to 
such questions may be journal references, titles of papers, 

KWIC indexes, author indexes, molecular formula indexes, or 
any combination of these forms 

3. POST (Polymtr Science and Ttchnology) tapes These serve as 
an index to literature concerned with the chemistry, chemical 
engineering, and technology of polymers Two files are 
involved (i)POST-P, a guide to the patent literature, and 

(2) POST-J, a guide to the journal and report literature Tapes 
include full bibliographic mfoimation. chemical compound 
registry number, and a bnef digest of the literature involved 

4 Chemical Compound Registry ‘That portion of the Chemical 
Abstracts Service computer based system which identifies and 
records chemical compounds and their associated data ” This 
system registers two-dimensional drawings representing com- 
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1 County Business Pattems, 1962, 1964, 1965, 1966 Includes 
data on first-quaiter employment, taxable payroll, employ- 
ment-size class of reporting umt by county and industry, etc 
Cost for IBM tapes is from S270 00 to $690 00 per year, 
depending on SIC (Standard Industrial Classification) level 

2. County and City Data Book, 1967 Edition Contains informa- 
tion on agriculture, population, housing, retail and service 
trades, manufacturing, bank deposits, births, deaths, marriages, 
local governments, etc , by counties, standard metropobtan 
statistical areas, and cities over 25,000 population 

3. U S. Exports of Domestic and Foreign Merchandise— Monthly, 

1967 Approximately three tape reels are produced each 
month Cost is SI40 00 per month if blank tapes are provided 
by the subscriber, or $230 00 if the Bureau furnishes tapes 

4 US Imports of Merchandise for Consumption and General 
Imports of Merchandise-Monthly, 1967 Approximately 1 reel 
per month Cost is $150 00 if tapes ate furnished by the 
subscnber 

5 1964 Census of Agnculture County Summary Data Contains 
data on farms by size. type, and economic class, value of farm 
products sold, by source, farm operators by tenure, color, age, 
residence and off-farm work, persons in farm-operator house- 
holds by age, sex. and year of school completed, etc Cost is 
$60 00 per State, plus $35 00 for each tape reel provided The 
Census of 1970 is the first to be available m us entirety on 
magnetic tapes (as well as continuing to appear in book form) 

Computer Most tape files were prepared for use on the UNIVAC 11 05 or 1 1 07 
computers, with a few prepared for the IBM 1401 The Bureau will convert tapes 
from one of these types to the other (at additional cost to the purchaser) 
A\ailability of tape filet In addition to those listed above, several other files are 
available for purchase The cost for the 1970 summary tapes, about 1500 reels, 
is estimated at $120,000-5140,000 
Referencet 

1. US. Department of Commerce Bureau of the Census Catalog, January- 

September 1967. 

2. U S. Dept of Commerce Bureau of the Census 1970 Census Summary 

Tope User Memoranda I— .1968— 

3 US Dept of Commerce, Bureau of the Census. Data Access Descriptions 

\~ .1967- 

4. US Dept of Commerce Bureau of the Census Small Area Data notes, 

1- ,1966- 

S US Dept, of Commerce. Bureau of the Census, 1970 Census User Guide. 

2nd Draft (Apnl 1969) 
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^ocumcntj, imluJing iliovc piutluLtd by Ucpatlmciil of Defense R anJ D 
* “catuiies and conluctoti. Magnetic tape filet aic available of tlic monthly 
tosltact journal, US Gott/nmrnf Meseiirth anJ /Jetc/ofimeni Reports Tape 
feeoidt mcliiJc. In addition to complete bibliographic inruiinalion. accession 
number. COSATI fielJt. price, acionynu and rcpoii numbers, contract numbers, 
project numbers, task numticis, notes, desenntors, identincrs, abstract, and 
*nnotatcd title, 

^ile chjracleruiiet anJ size' ( lies aie vcnllen in a variable record format, with 
rnatimum block tire of 3.00Q chaiactco (average record length, 1,200-1,500 
fhtfacten) Detciiptort are in vaiuble length fieUs, in Lnglish Tape is 9-track, 
recorded at 800 bits per Inch density. Appioaimatcly 25,000 abstracts are added 
yewly. 

Computer. UNJVAC 1107 until 196«. ; At that time, the Clearinghouse nas to 
wnseit to an IBM System 360 

^tailabiUly of tape files. Reports in the form of magnetic computer tapes are 
being sold by CSITI for S75 OO a reel unless olhenvisc specified. The U S. 
Coie/nmfnt Research aaJ Oeielopmeni Reports announces (lie avarlabiiily of 
these reports on magnetic tape Cleaiingiiouse is closely watching the work of 
ttandard^etting orgamsatlons such as COSATI. and will comply with standards 
Seneralty adopted for coding of bibbogiaphic information, 
fie/erencci 

Sry, Bernard M, "The US. Clearinghouse for Federal Scientific and 
Technical Information." fVrcolitor, V. dOfJuly 1965) 

T Schon, U A , “The Clearinghouse for Fedeial Scientific and Technical 
Information.” Toward a Nouonal Information System Second Annual 
National Colloquium on Information Relrieial. Apnl 23*24, I96S,Phila* 
dclphia, Pennsylvania Washington. D C , Spartan Books, 1 96$ 

3 "Clearinghouse Reports on Magnetic Tapes.” Seienli/ic Information Notes, 

Vol lO.No. 1 (rcbniary-March I968).p 22. 

US Dept of Commerce, National Bureau of Standard^ Sprcificaiions for 
Proposed Clearinghouse Magnetic Tape Distribution, Nov. 1969 


COMPUTER SOFTWARE MANAGEMENT AND INFORMATION CENTER 
(COSMJC) 


COSMIC 

Computet Center (C-B) 
University of Georgia 
Athens, Georgia 3060 1 


Operations Supervisor' Mrs Shirley Parten 


Data. COSMIC functions as a part of the NASA Technology UtiUration Program 
in an effort to identify technological advances denved from the space program 
and make them available to business, industry, and education As a by-product 
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of aerospace research a wide range of well-documented, operational, computer 
programs have resulted and are now accessible to other sectors of the economy 
The Umversity of Georgia was awarded a contract from NASA in July of 1966 
to operate COSMIC through the Marshall Space Fbght Center Technology 
Utilization Office m coniuncUon with all other elements of NASA Tapes, card 
decks, run instructions, program logic— complete software packages-can be 
supplied by COSMIC. Programs obtained from NASA supported activities are 
evaluated to determine then utility to other prospective users and available 
programs are announced periodically 

Ccmpuler. IBM 360/65 and IBM 7094 with two IBM 1401 systems servmg as 
input/output peripheral units for the 7094 In addition, an IBM 1 620 computer 
and EAl TR-20 analog computer arc operated on an open-shop basis 

Avuilabilily. A membership fee for one fiscal year is SlOOO entitling the 
member to receive penodic catalogs contaming abstracts of computer programs 
available to that date. Purchase of one or more programs dunng the year 
cumulates the membership fee for the following year Requests may be made for 
computer program documentation on any program announced by NASA or 
COSMIC and source decks, provided in tape or deck form, may be requested All 
requests for tape copy wiU be provided on tape reels furnished by COSMIC, 
however, program decks of over 2.000 cards will not be disseminated without 
special apeement with COSMIC 

Re/ertnet 

I. University of Georgia, Computer Software Management and Information 
Center. CGSJ/yC (brovliure) Athens. Georgia. July 1968 


fcDUCATIONAL RLSOURCtS INI ORMATlON CLNTbR (ERIC) 

U.S Offue of Education 

Lducaliorul Research Information Center 

400 Maryland Avenue, S U'. 

Washington. D C. 

Durctot Division of Information TrJinoIogy and Dissemination 
L.G Butkhinal 

lisu ERIC IS a tuiionwiJc pioycd directed towards collecting, indexing, 
storing, and duscminatuig mfoimation on research in ihc field of education In 
adJilun to a cecital soordmaliag agency, there ate at present 21 LRIC 
Cleaii.-ghousct. eavh one concerned with sck«.iiQn and yto^xsivng of tnalMUU 
la a ms;ot subjevt area 

La.h CleaiirghouK u ,cspooxible for screening of malenab. and for 
satalogirg and irJexirg of docuiaenu aelevted BibUopaphic elemcnli. ab- 
stra.ts. and index ter.ns are uniformly tevorJed according to r»>nciplts 
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dCYclopcJ icnUjlIy Tlie I'anel on LJucjtional Terminology (PLT) u responsible 
for dcsclopmcnt of the LRIC Thesjurus, vbhafi is usej by all Clearinghouses as j 
subject aulhonly list Lach Clearinghouse prepares punihcJ paper tape copy of 
Its cataloging fur input to a contracior Mho is responsible for preparation of the 
monthly abstract anJ mOea Journal KIL (Jtescjrcli in hJucaiion'l The paper 
tape IS conicrtcj to magnetic tape form, to be used in the photo-composmon of 
(he journal, and for subject scanhing mJ the preparation of specialrndexes 

FtJe cha/jw/ufuj me Xajv /rro/di are sa/iahJe kngih, biockeJ, mjjJj 
maximum block sue of 7,000 characters Iile sire (1^70) is approximately 
35,000 entries, utifi an increase of 900ci(at(ontper month. 

CompuitT jaM 360 

AvaiLibilily uf tape filet Magnetic tapes containing the full bibliographic record 
of ERIC documents Mill be made available to organuations Mishing to develop 
applicable search and relrieyal capabibiies 
Rtferencet 

I Manon, H , and Burchmal. L. O , "LRIC-A Novel Concept in Information 
Management.'' Amencan Documentation Institute Annual Meeting, Pro- 
ceedings. V 4 Levels of Inttracuon Oeiwccn Men and Infarmatian New 
VorJCx 1 967. Washington, D C , Thompion Book Corvpiny. 
i Burchinal, L. G., LRJC . . anJ the Need to A'noiv. Washington, DC , 
Division of Research, Training and Dissemination, U S Office of Education 
19677 

3 Educational Resources Infotmalion Center. Information Procettmg, 
Storage and Met'ieial, Sytum and frogram Documentation, Pert J, 
Aug. 1968 

ELECTRONJC PROPERTIES INFORMATION CENTER (EPIC) 

Electronic Properties Information Center (EPIC) 

Hughes Aircraft Company 
Culver Ciiy, California 

Data EPIC has developed a data base on electronic properties of matenals and 
has established methods for searching, acquiring, abstracting, and indexing 
literature pertinent to these files Hughes Aircraft was awarded a contract m 
1961 by the Air Force Materials Central, Aeronautical Systems Division, to build 
data bases on semiconductors and iiuulalois Systems j:>rocedures and facilities 
for stonng, retrieving, compiling, and evaluating data have been prepared as well 
as procedures for publishing and disteminating bibhogtaphiet, property tables 
data sheets, and summary reviews 

File Characteristics and size The data is organized into two files containing 
(1) selected bibliographic citations With abstracts from journals dating 1955 to 
the present, (2) semiconductors and msulatois ordered by properly within 
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matenal The Bibhographic Master Tape presently contains 32,000 citaUons and 
an additional 4,500 are acquired each year Fixed length records in this file 
contain the following items 1, blank, 2-6, accession number, 7, blank, 8, code 
to indicate whether bibbography (B) or abstract (A), 9-10, pmt line number. 
11-125 bibbography and abstract information The Matenal-Property Master 
Tape now has 500 different materials and 52 electronic properties This tape is 
organized with the following items in each record 1-67, matenal name 
(alphabetic), 68, transaction code (alphabetic), 69-73, matenal code (numeric) 
74-75, property code, 76-80, accession number There are nme 80 character 
records in a block 

Computer. Honeywell 200 Computer-Central Processor with 32,000 character 
core memory (6 bits per character, words defined with word-mark) Original 
program was designed for the IBM 1401 Autocoder and converted to Easycoder 
for the Honeywell 200 by Easytran 

Plans are now bemg formulated for use of a GE-63S system designed for 
general mformation retneval at Hughes and not just for EPIC use A time sharing 
interface with 10 teletype terminals is also planned (CE 635-2 Central 
processors with 128,000 word core memory (36 bits per word ) 

Availability The two magnetic tape files may be purchased for 53,500 Five 
prognms, written in COBOL, are also available for 51,000 to (1) update the 
bibliographic file (2) update the material-properties file (3) display citations 
(4) partial mdex (S) retrieve through requests speafying matenal and property, 
(up to 500 requests from 100 requestors) Charges per search request are 
between 570-$ 1 00. Present service is (united to Defense contractors 
Reference 

1. Booz. Allen Applied Research Inc. Bethesda, Md Mechanaauon Study of 
the Electronic Properties Information Center. Hughes Aircraft Company, 
Oliver City, California Defense Documentation Center, Defense Supply 
Agency, September 1966, (AD 640 128) 


LNGINEERING INDEX 

COMPENDEX (COMPUTERIZED ENGINEERING INDEX) 
Enginecnng Index, Inc 
345 East 47lh Street 
New York. New York 10017 

Executive Director: Bill M Woods 

£>ata. Engineering Index utilizes machine methods in the production of inonthly 
abstract bulletins and indexes. The annual data base used by E})gMeesv)g index 
has grown to 72,000 abstracts o( articles from 3^00 journals and other 
pubhcatioiu m 25 languages Two types of services have been offered since 1969 
to make computer search tapes available, as follows 
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CITE (Cuneni Infor/nalion Ttipft for hngmeers) The Cn E pjogram pfo\ i Jcs 
Coverage of approximalely 3S0 journals in Ihe fields of plastics cngipccnng and 
elecliical encinceiing Munllily tapes contain about SOO articles in plastics 
engincenns and 1,000 articles in electrical cnsjncertns Lach reference includes 
deep indcxins terms, subject headmes. "notation of content" or title, and 
complete bibliographic citations The package senice includes (l)Mon(hly 
master file tapes conlaining a Tlaslics or Electrical Enpncenng data base, 
(2) Engineering Index Thesaurus Tape, updated monthly. (3) Source deck 
program tape. (A) Abstracts on hard copy (micronche) for Lleclrical Engineering 
subscribers or one year subscription to the Plastics Monthly for Plastics 
subsenbets, (5) Conversion from 9 to 7 track tape, if renuired. and (6) One 
man-day of consulting lime from Lnpneering Index engineers 

COMPENDLX This service males available in tape form more than S.OOO 
Items published in the Engineerirtg InJex HanlMy spanning all engineering 
disciplines Each item on tape includes subject heading, subheadings (if used), 
title, author, and citation, and the El number. The tape tull be in TEXT-PaC 
input format, 9 track, 800 Ul'l, written in EBCDIC 

Computer The system was designed onginally for the IBM UOl computer but 
Ihe programs can be operated m a compatibility mode on the IBM 360, Models 
30 and 40, with at least four (ape drives 

Aiaikbtlily The subscription rate for the Plastics Master File complete package 
IS $2,300 and for Ihe Blecincal/Electronics complete package, $2,800 
Commercial orgamraiions wlueh sell information for profit will be charged 
S6,900 or $8,400 for the packages respectively The cost of magnetic tapes is 
extra and addiliotial consulting time will be billed at $125 a day plus expenses 
The January 1969 tngincenng Index was the first COMPENDEX produced 
The basic annual subscription rale for the monthly COMPENDEX tapes will be 
$6,000 They may be bought month to month for $500 per month The costs of 
the tapes is extra Tapes will be produced on or before printed version of the 
Engineering Index Monlhly 

References 

1 Engineering InJex Informalian Senices 1969 (brochure) Marketing and 
Business Division Engineenng Index, Inc , 345 East 47th Street. New York, 
NY. 10017 

2 “Engineering Index. Inc to Market ‘Compendex’.’* Library Journal. 
February 15. 1969, Vol 94. No 4.p 706 

3 Honnetker, Walter and Newmark, Mark "Automated Maintenance of 
Highly Structured Thesaurus at Engineering Index ” American Documenta- 
tion Institute, Annual Meeting. Proceedings, V 4, Levels of Interaction 
Between Man and Information New York, 1967 Washington. DC, 
Thompson Book Company 

4 “News-Search Tapes Available ” //i/onnarjort Retrieval and Library Auto- 
mation V 3, No 7, December 1967 
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matenal The Bibbographic Master Tape presently contains 32,000 citations and 
an additional 4,500 are acquired each year Fixed length records m this file 
contain the following items I, blank, 2-6. accession number, 7, blank, 8, code 
to indicate whether bibhography (B) or abstract (A), 9-10, print line number, 
11-125 bibliography and abstract information The Matenal-Property Master 
Tape now has 500 different materials and S2 electronic properties This tape is 
organized with the following items m each record 1-67, matenal name 
(alphabetic), 63, transaction code (alphabetic) 69-73, matenal code (numenc). 
74-75, property code, 76-80, accession number There are nme SO character 
records in a block 

Computer Honeywell 200 Computer-Central Processor with 32,000 character 
core memory (6 bits per character, words deHned with word-mark) Original 
program was designed for the IBM 1401 Autocoder and converted to Easycoder 
for the Honeywell 200 by Easytran 

Plans are now being formulated for use of a GE'635 system designed for 
general information retneval at Hughes and not just for EPIC use A time-shanng 
interface with 10 teletype termmals is also planned (GE 635-2 Central 
processors with 128,000 word core memory (36 bits per word ) 

Amiability. The two magnetic tape files may be purchased for $3,500 Five 
programs, written in COBOL, are also available for SI .000 to (1) update the 
bibliographic file (2) update the matenaFpropeilies file (3) display citations 
(4) partial index (5) retneve through requests specifying matenal and property, 
(up to 500 requests from 100 requestors) Charges per search request are 
between $70-S}00 Present service is limited to Defense contractors 
Reference 

1 Booz, Allen Appbed Research Inc , Bethesda, Md Mechanization Study of 
the Electronic Properuet Information Center, Hughes Aircraft Company, 
Culler City, California Defense Documentation Center, Defense Supply 
Agency, September 1966. (AD 640 128) 


ENGINEERING INDEX 

COMPENDEX (COMPUTERIZED ENGINEERING INDEX) 
Enginecnng Index, Inc 
345 East 47lh Street 
New York, New York 10017 

Executive Director- Bill M Woods 

Data Enginecnng Index utilizes machine methods in the production of monthly 
abstract buUetins and indexes. The annual data base used by Engmeenng Index 
has grown to 72,000 abstracts of articles from 3,500 journals and other 
publications m 25 languages Two lypesof services have been offered since 1969 
to make computer search tapes available, as fo8ows. 
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CITE (Current Inforination Tapes for Eitginreri) The CIl b program provides 
coverage of approximately 2S0 journals in the fields of plastics engineering and 
electrical cngsncenng Monthly tapes contain about SOO arlules m plastics 
engineering and 1.000 articles in electrical cngineenng bach reference includes 
<leep indexing terms, subject headings, "notation of content" or title, and 
complete bibliographic citations The pacLage service includes (I) Monthly 
master file tapes containing a Plastics or Electrical Engineering data base. 
(2) Engineering Index Thesaurus Tape, updated monthly, (3) Source deck 
program tape, (4) Abstracts on hard copy (microllclie) for LlccCncat Engineering 
Subscribers or one year subscription to the Plastics Monthly for Plastics 
subscribers, (S) Conversion from 9 to 7 track tape, if required, and (6) One 
man-day of consulting time from Engineering Index engineers 

COMPENDEV This service makes available in tape form more than 5.000 
Items published in the £ngineeriag Index ilonihly spanning all engineering 
discipbnex Each item on tape includes subject heading, subheadings (if used), 
title, author, and citation, and the LI number The tape will be m TEXT-PAC 
input format, 9 track, 800 UPI. written in EBCDIC 

Compurrr The system was designed onpnally for the IDM 1401 computer but 
the programs can be operated tn a compatibility mode on the IBM 360. Models 
30 and 40, with at least four tape dmes 

Atoilabihty The subscription rate for the Plastics Master File complete package 
>s S2,300 and for the Electncal/Electtomcs complete package, $2,800 
Commercial organizations which sell tnfonnalion for profit will be charged 
S6,9Q0 or $8,400 for (he packages respectively The cost of magnetic tapes is 
extra and additional consulting lime will be billed at $125 a day plus expenses 
The January 1969 Engineering Index was (he first COMPENDEX produced 
The basic annual subscription rale for the monthly COMPENDEX tapes will be 
$6,000 They may be bought month lo month for $500 per month The costs of 
the tapes is extra. Tapes will be produced on or before printed version of the 
Engineering Index Monibly 

Refirences 

1 Engineering Index Infonnanon Serxices 1969 (brochure) Marketing and 
Business Division Engineering Index, Inc , 34$ East 47th Street, New York. 
N.Y. 10017 

2 ‘‘Engineering Index, Inc to Market ‘CompendexV’ Library Journal, 
February IS. 1969, Vol 94.No 4,p 706 

3 Honnecker, Walter and Newmark, Mark "Automated Maintenance of 
Highly Structured Thesaurus at Engineering Index *’ American Documenta- 
tion Institute, Annual Meeting. Proceedings, V 4. Levels of Interaction 
Between Man and Information New York, 1967 Washington, DC, 
Thompson Book Company 

4 “News-Search Tapes Available ” Information Retrieval and Library Auto- 
mation V 3, No 7, December 1967 
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5 Whaley, Fred R., and Waino, Elizabeth A “Expenmental SDI Products and 
Services at Engineering Index ” American Documentation Institute, Annual 
Meeting, Proceedings, V 4, Levels of Interaction Between Man and 
Information New York, 1967 Washington, D C , Thompson Book 
Company. 


ENGINEERS JOINT COUNCIL 


Engmeers Joint Counul 
345 East 47th Street 
New York, New York 10007 

Mr Frank Speight 

Data The Thesaurus of Engineering Terms ts available in a magnetic tape 
edition U contains over 80,000 entries (1041$ main terms, and their 
cross-reference relationships), and includes each entry's processing codes 
File characteristics Tape is 7<hannei, 556 bits per inch density, with records 
fixed at 60 characters, 10 records to a block The file is contamed on a single 
tape reel 

Computer. IBM 1401 {4k) 

Aiailabihty of tape file The tape is available at the pnce of 5500 Cost includes 
a set of punched cards containing programs (1401) for pnntuig or punching 
either the complete contents of the tape, or mam terms only Simple computer 
opciatmg instructions are mcluded 
Reference 

1 Speight, Frank Y , and Coltiel, Norman E , The EJC Engineering 
Information Program New York 1965 Engmeers Joint Council, 1965 


EXCERPTA MEDICA FOUNDATION 

Information Interscience Incorporated 
2204, Walnut Street 
Philadelphia Pa 19103 

Data The E M. Foundation screens 20,000 journals annually for biomedical 
references, and publishes the results in its multi-part serial, Excerpia Medico 
This yields approximately 200,000 atahons and 80,000 abstracts annually As 
of 1969, the contents of the journal are available on tape. For subject searching, 
a thesaurus of about 40,000 preferred medical terms (and 500,000 synonyms 
and related terms) is maintained 
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i-tle cliaracltmilci anJ ti:e ArPiuximaUly 20,000 records arc processed per 
>ear The lajout of the tapes depends upon sshctlicr they contain full data, or 
only agucn portion (cs forS l).l )Tapciare8 track, ZOOor 556 b p J 

Computet NCR J15 (Rod Memory) with NCR 321 as communications 
conlrollcf Up to l6 CRAM dcnccs can be used ondine. and RCA Video comp 
equipment u used for automatic photocomposition of the printed form of L.M 

Aiailibility of tape files Tapes can be purchased or accessed A vancty of 
services is available. 

References 

1 tXChRPTA aMEDICA AutomaleJ Storaie and Retrieval Program of 
Biomedical tnfonnaiion. Lxeerpta Medica Foundation, n d. 

2 FID Neu,s Dullclin. 1S(8), 1968 


FROST & SULLIVAN. INC 

Frost & Sullivan. Inc. 

179 Broadway 

New York. New York 10007 
Mr Daniel M.SulUvan 

Data For their DM (2) (Defense Market Measures) system. Frost and Sullivan 
creates ntaeneiie tape files conUuiins information on award actions by agencies 
of the Army, Navy, Air Force. FAA, AEC, NASA, plus other government 
agencies, and several prime coniraclon in the defense and space industries 
DM (2) covers announced R and D contracts and all production and service 
contracts over $25,000. Tape records include 
I. Date of award. 

2 Receiving state (location of Che receiving contractors division) 

3 Receiving contractor. 

4. Receiving contractor's division. 

5 Awarding state (location of the awarding procurement center) 

6 Awarding agency 

7. Awarding procurement center. 

8 System product category (200 categories, covering the breadth 
of the engineering system markets) 

9 Capability (hardware) 

10 Product category (200 categories) 

1 1 Phase (each contract action is coded by type of work per- 
formed, from R and D source sought through study, research, 
development, and production) 
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] 2 Contract amount (m thousands of dollars) 

1 3. Program (i e . MOL, Titan, Atlas, etc if applicable) 

14. Other information (may include such items as work statement, 
contract type, contract number, schedules, quantities, etc ) 

/i/e characCemtici and tize. /faster file records are ffxed at ^35 characters, three 
records to a block. The file dates from January 1965, with approximately 
50,000 Items added each year. 

Computer: Files can be processed on an IBM 1401 (8k). or 1410, or 701) 

Aiailabtliiy of tape filet DM (2) files are available for sale Update tapes are 
issued quarterly Programs arc provided for selecting, sorting and summarizing 
data into a variety of reports, with retrieval possible on twelve of the categories 
of information listed 


GENERAL ELECTRIC-FLIGHT PROPULSION DIVISION 

General Elcctnc Corporation 
Flight Propulsion Diviuon 
Cincinnati, Ohio 4S2I5 

Manager, Information Systems George Carr 

Data Flight Propulsion Division has developed a mechanized information 
teineval system for handling the technical reports and papers available in the 
Division's library Matenal in machine readable form includes abstract as well as 
bibliographic information and uniterms. Two tape files are involved 

1. The keyword file (in sequence by keyword, then by accession 
numbers uf documents containing that term) and 

2. The citation abstract file (ordered by accession number) 

hie isze As of 1967. the file contained more than 100,000 abstracts. (9 tape 
rceb) 

Computer IBM 7094 

Mote. This GL automated retrieval system is typical of many such systems in 
cx.iienve ihrooghoui the country Other organualions which have magnelic tape 
tCkords of their holdings uiUuJe Aerojet General Corporation (Technical 
L^iary), Dow Chemuj! Coapjtty {CoaiputtUon Reusttch L»bf, ^.^^te^^n 
Kivdak Company (Kexarch Laboiaionea. Department of Infotmation Services). 
Saiiorjl Uureaa of Standards (Computet Suciicet Division. Technical Infoima* 
t>oo i tchanpt). lbV( Cofroralioii(TechrucallnfofRulion Ketrieval Ccnlei), etc. 



Imcniuty of Arii(4bl» DaU [Uki 


INSTlTUTb I OR SCILKTli 1C INI ORMATION 
SClLNCt CITATION 1ND1;X 

Inalitutc for ScientiTic Information 
325 Chestnut Street 
fhcUdelphia. I'cnnsyivanta I‘#l06 

Director Eugene GaifielJ 

Data ISI issuci two tape files involscJ in the prcpiiralion ot Science Citation 
InJex They are "Source InJcx" tapes, anU ‘‘Citation Index'' tapes The 
‘Source" tapes contain bibliographic inforfflation about source (citing) articles 
m the current literature of science and technology (including the social sciences). 
“Citation" tapes contain bibliographic information about the references cited in 
those articles The files arc In order by a number assigned to each source item. 
Coverage at present includes more than 2,000 scientific journals, proceeduigs, 
>nd transactions, as well as all cutrent U S patents issued (including primary and 
reissued patents) 

Flit charactcmttct anj sire' Tapes are originally produced m 556 bits per inch 
density Ilovievet. other standard densities are available (7- or 9-channeI). 
“Source index" tapes contain variable kngih blocked records (66*246 charac* 
ters). with maximum block size of 1 ,200 characters File me (1969) 1,800.000 
records (source iiems), with approximately 400.000 nems added per year 
“Citation index" tapes contain fixed-length records, with each record 90 
characters, 10 to a block. File size (1969). 22.000,000 items (cited references), 
with approximately 5,000,000 added each year 

Computer Tapes are compatible with lOM computer systems 
Ataihbility of tape flies Tapes arc available on a subscription basis and are 
delivered at weekly intervals Prices range from SIS,000 to $24,000 per year for 
the Citation File, and from $5,000 to $8,000 per year for the Source File The 
following programs are available at no extra chaige to subsenbers 
1 Sort control cards forlBM 7044 
2. Source index listing(IBM 1401) 

3 A complete senes of 5D1 programs for Source index tapes, 
wntten for 7074, 10k, with 1401 used as an ancdlary output 
device. 

4 A complete senes o/SDI programs for use with System 360 
S. An SDI system for use with the IBM 140 1 

Additional programs are in preparation 
References 

1 Institute for Scientific Information ISI Masnettc Tapes (brochure) 
Philadelphia, Pennsylvania, 1967 
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2 Gaifield, Eugene, “Science Dtation Index-A New Dimension in Indexing ” 
Science, V 144, No 3619 (May 8. 1964) (Contains an extensive bibbo- 
graphy on atation indexing ) 

3. Garfield. Eugene, "Citation Indexing A Natural Science Literature Re- 
tneval System for the Social Saences ” American Behavioral Scientist, V 7, 
No 10 (June 1964) 

4 Martyn, John, “An Examination of Citation Indexes ” Ashb Proceedings, 
V 17,No. 6, 1965 


LIBRARY OF CONGRESS 
PROJECT MARC (Machine Readable Catalog) 

MARC Development Office 
Library of Congress 

1st Street and Independence Avenue. S E 
Washington, D C. 

Director, MARC Development Office Mrs Hennette Avram 

Data' The MARC project is concerned with the production of LC cataloging 
data in machine-readable form OnginaUy, four magnetic tape files were involved 
m the system (I) the Catalog Record, containing bibliographic entries, tracing 
information, and data related to processing and retrieval, (2) an Author/Title 
Record for each entry in the Catalog file, (3) a Subject Cross Reference Tracing 
Record, and (4) a Desenptive Cross Reference Tracing Record (Files 3 and 4 
contained the cross-reference tracing information generated in the cataloging of 
works mcorporated into the pnmary file). Production of files 2, 3, and 4 has 
been suspended, and the format of Tile t has been extensively revised and 
redefined. The "MARC H” format, (file I) was implemented m June 1968 At 
present, MARC cataloging data is limited to English language works, monographs 
only Plans are m progress for expansion of coverage, with publications in 
French and German to be added 

File characteristics and site The Catalog record consists (in 1969) of approxi- 
mately 80,000 entries, h lih an increment of more than 25,000 per year Logical 
records are variable length (containing fixed fields, variable fields, and repeated 
variable fields) and unblocked Physical records have a maximum size of 2,048 
characters Tape is 9-channcl, recorded at 800 bits per inch density MARC H 
tapes will contain variable length records (containing fixed fields, a “directory” 
consisting of repeated fixed fields, variable fields, and repeated variable fields) 
Format specs were made available in early 1968 

Availability of tape files Tapes were first disseminated, on a weekly basis, to 
sixteen libraries partiapating in the MARC Pilot Project LC also distnbuted 
computer programs to produce the foDowing ( 1 ) Diagnostic listing of the entire 
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Catalog Record (Tile 1), (2) rioduction of catalog card act (file 1), (3) Abbrcvial' 

ed aulhor/tiiJc lisling (file 2) 

MARC II tapes are now generally available on a subscnption of S600 per 

year The subscriber may select weekly, quarterly, scmi'annual, or annual 

sen ice 

References 

1 A Preliminary Report on the MARC {Machine Readable Catalogingl pilot 
Project Information Systems Ofllce, Library of Congress. 1967 

2 Avram. llennette D , and Maikuson. Datbara Evans, "Library Automation 
and Project MARC--<An Expenment ui the Distribution of Machine* 
Readable Catalog Data." In The Dratenose Conference on the Automation 
of tibranes, EJileJ by John llamron and Peter Laslett. Chicago. Marsetl 
Information 1967 

3 Buckland, Lawrence P , The Recording of Library of Congress Bibliographi- 
cal Data in Machine Form A Report prepared for the Council on Library 
Resources, Inc. Revised Washington, Counal of Library Resources. Inc , 
1965 

A Cunningham, Jay L , and Leach, Theodore E , "Bibliographic Dimensions 
of the MARC Pilot Project." in JVoeecdm/r o/ Me dmeneon Documenre- 
nan Inttitute, Annual Meeting, V 4. 1967. 

5 Markuson, Barbara Lvans, "The Library of CongressAutomationProgram 
A Progress Report to the SlockholJen" ALA Bulletin, V 61, No 6 (July 
1967) 

6 Markuson, Barbara Evans, "A System Development Study for the Library 
of Congress Automation Survey." Library Quarterly, V. 36, July 1966. 

7. Aviam, llennette D , et ai , The MARC U Format Washington, D C , 
Library of Congress, Information Systems Office. 1 968 

8. Library of Congress, Information Systems Office MARC Manuals Used by 
the Library of Congress (Contents Subsenber’s Guide to the MARC 
Distribution Service, Data Preparation Manual, MARC Editors, Transenp* 
tion Manual, and Computer and Magnetic Tape Unit Usability Study ) 
Chicago, American Library Assooation, Information Science and Automa* 
tion Division, 1969. 


LIBRARY OF CONGRESS 
SUBJECT HEADINGS 
Card Division. Library of Congress 
Building 159, Navy Yard Annex 
Washington.DC 20541 
Chief, Card Division Loran Karsner 

Data LC has acquired magnetic tapes used by the Government Printing Office m 
the preparation of the 7th edition of the Subject Headmgs Used m the 
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Dictionary Catalogs of the Library of Congress In addition to the headings and 
cross-references, the tapes contain typographical codes and other symbols 
necessary for the printing process The LC Information Systems Office is in the 
process of “cleanmg up” and reformatting the tapes 

Computer. GPO (unedited) tapes were produced on the IBM 1401 The edited 
file will be produced on the IBM 360/30 

Availability of tape files The unedited file (3 tape reels) are currently available 
m 7-track format. Price is S2Q0 00 and includes 6 pages of documentation The 
edited file will be available (in either 7- oi9-tTack format), m early 1968 

Reference 

1. Library of Congress Infonnation Bulletin, V 26, No 38 (September 21, 
1967) 


LOS ANGELES COUNTY PUBLIC LIBRARY 

Los Angeles County Pubic Library 
Box 1 1 1 (mailing address) 

320 W. Temple Street 
Los Angeles, Calfomia 900S3 

Assistant County Libranan. Robert GoodweU 

Data Los Angeles County Public Library began compiling records for produc- 
tion of a book catalog m 19S2 A punched card method was fust used for input 
but conieision is now taking place for input by selectnc typewriter and the CDC 
91S optical scanner The conversion and book catalog production is being 
handled by Compu Center, 6300 Holhster Avenue, Santa Eaibata, Calfomia 
Entnes are being stored on magnetic tape and include (0) classification number, 
(1) author, (2) short title, (3) subtitle and additional information, (4) impnnt, 
(5) collation, (6) notes, (7) annotation (8) subject headings (non-fiction juve- 
nile), (9) subject headings (adult fiction) Approximately four computer pro- 
grams are used to produce the Los Angeles County Pubhc Library book catalog 

Fite size and charactensticj Average record size for entnes is 450 characters and 
entnes are divided mto the ten fields noted in the data descnption above The 
file presently produces 15,000 computer reduced pages and contains approxi- 
mately 250,000 titles 

Computer. CDC 6400. 

Availability. Los Angeles County retains rights to the use of the magnetic tape 
files and attempts to market the magnetic tape files will be made by Compu 
Center. 
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References 

1 “ComputemcJ Techniquei.'* library Resources and Technical Seniecs, 

V M (Summer 1967), p 382 

2 JWacQuamc, Calhcnne “The Book Catalog of the Loi Angeles Counly 
Public Library-llow It Ii Made ** Library Resources an J Technical Services, 

V 4 (Summer 1960), p. 208 


MEDICAL LIBRARY CCimiR OF NEW YORK 
l/nion Cafatog of Medical Periodicals 

Medical Library Center of New York 
5 East 102 Street 
New York, NY 10029 

Director, Union Catalog project Mn Jacqueline W. Fetter 

Data. This publication was derived from a computenred data base in magnetic 
tape form, which u being continually updated with relxoactive as well as cuirent 
senats data The present pubbcation, Phase I, covers senals in existence in 19S0 
or later Phase 11 of the project wU) provide information on senals published 
during the penod 1930>19SO, and Phase III (not to be published m book form) 
will cover pre*l930 pubbcations. 

Matenal m machine-readable form includes title (in form m which it appears 
in the journal), place, dates and frequency of pubbcation, explanatory notes, 
title history, codes for country and language, and subject codes (basically, those 
of Washington University School of Medicine’s PHILSOM project) In addition, 
detailed holdings information u pven for sixty-eight libranes in the New York 
metropoblan area, using library symbols suppbed by the National Union 
Catalog. 

File Size' Estimated total file content will be some 35,000 titles 
Computer IBM 1401 (8k). 

Atathhthty of tape files The pzerpfams and data tapes utihted ui the system 
have been made available to institutions involved in developing regional union 
lists 

References 

I Feller, Jacqueline W , and Troeng, Djoeng S “A Computer System for a 
Union Catalog Theme and Vaiutions ” Bulletin of the Medical Library 
Association, V 53, No 2, April 1965, pp 163-77 
2. “Book Reviews” American Documentation, V 19, No 2, (April 1968), 
p 209-2iO 

3 “Book Reviews and Journal Notes” Bulletin of the Medical Library 
Association, V. 56, No 2 (Apnl J968>, pp, 219-220. 
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NATIONAL AGRICULTURAL LIBRARY 
Cataloging and /itdexing System (CAIN) 

National Agricultural Library 
Computer Applications Division 
BeltsviUe, Maryland 20705 

Data. The CAIN tapes contain bibliographic data encompassing the broad field 
of agriculture, including agncullural econoiucs and rural sociology, agncultural 
products, animal industry, engineeiiDg. entomology, food and human nutrition, 
forestry pestiades, plant science, soils and fertilizers, and other related subjects, 
previously included in the Bibhography of Agriculture , the National Agricultural 
Library Monthly Catalog and the Pesticides Documentation Bulletin All 
references ated in the Amencon Bibliography of Agricultural Economics, a 
publication issued by the Amencaji Agncultural Economics Association begin- 
ning February 1 970, are also included 

File Characteristics and Sue All tapes are 9-trac)c. 800 b p i and are designed 
for use with the IBM System 360. 

Aiailability of tape files Anyone may purchase the tapes, which are available at 
cost, SdO 00 for the fust tape reel plus $47 SO for each additional reel on the 
same order Tapes are cumulative 
References 

1. US. Dept ol Agnciiiture National Agricultural Library implements a new 
meehaniied cataloging and indexing system (CAINJ, Washington, D C , U S 
Dept of Agnculture, 1 3 Jan 1970 (Mimeographed sheet, USDA 92-70) 


NATIONAL AERONAUTICS AND SPACE ASSOCIATION 

National Aeronautics and Space Association 
Scientific and Technical Information Division 
Office of Technology Utilization 
Washington, D C , 20546 

Duector, Saentific and Technical Information Division John F. Steams 

Data Suice Jan. 1962, NASA has mainiamed a comprehensive, continuously 
updated data base in magnetic (ape form Basis of input is the bibliographic 
information which results from document processing activities of NASA (in the 
production of Soentijlc and Technical Aerospace Reports and other biblio- 
graphies) and the American Institute of AeronauUcs and Astronautics (m th« 
piodULtion of /nternalional Aera^ce Abstracts). Tape records include 
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acceuion number, security clauification of document and title, announcement 
category, language of text, document type (distribution code), etc , as well as 
conventional descriptive cataloging detaik Descriptors are on the record both as 
tnghsh terms and as their erturvalent S*chaiaLter "coded-terms.” 

File (haracicriulci anj tiic Tile u linear by accession number. Tape records 
contain fixed fields, a ‘‘relatiie image” atca (pinpoints the location, if present, of 
the rields in the third or variable portion of the record), and variable fields 
Maximum record size Is 3,000 characten (File as described was used with the 
IDM 1410 Linear Pile search system Tape formats for the System/360 have 
since been developed) Approximately 460,000 records were on tape (as of 
1969), increasing by about 60,000 per year 

Computer An IDM-I4I0 was used through IV66 I’rcsent equipment is an IBM 
360/40 

Availability of tape fila NASA has disinbuled tape files (and computer 
programs for searching and manipulating the data) to a number of agencies, 
among them the University of Pittsburgii, North American Rockwell, University 
of Southern California, and others 

Reftfenee 

1. Brandliorst, W. T , and Cckert, Philip F.. Guide to the Processing, Storage, 
and Relrieial of Bibliographic laformaiiot) at the MASA Scientific and 
Technical Information Faality. Documentation Oiuie 1966 NASA 
CR-62033). 


NATIONAL BUREAU OF STANDARDS 
(National Standard Reference Data System) 

Office of Standard Reference Data 
National Bureau of Standards 
Washington, D C 20234 

Data- The National Standard Reference Data System (NSRDS) was estabhshed 
in 1963 by action of the Frestdenl's Office of Science and Technology The 
Office of Standard Reference Data (OSRD) was set up withm the National 
Bureau of Standards to manage and coordinate the program OSRD is composed 
of a network of data centers, which in 1967 mcluded 

Atomic and Molecular Processes Information Center, Oak Ridge 
Laboratones, P O. Oak Ridge, Tenn. 37831. 

Atomic Transition Probabilities Data Center, NBS Institute for Basic 
Standards 

Crystal Data Center, NBS Institute for Basic Standards 
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High Pressure Data Center, Bngham Young University, Provo, Utah 
85601 

Joint Institute for Laboratory Astrophysics, Information Center, 

Joint Institute for Laboratory Astrophysics, Uruversity of 
Colorado, Boulder, Colorado 80302 
Radiation Chemistry Data Center, University of Notre Dame, Notre 
Dame, Ind 46556 

Thermodynamics Research Center, Department of Chemistry, Texas 
A & M Umveruty, College Station, Texas 77840 

and several others located in govemroeni agenaes and academic institutions 
These data centers are the source of cnlically evaluated compilations, computa- 
tions, and bibbographies published by NSRDS. Data compilation activities have 
been organized into seven program areas 

Nuclear Properties 

Atomic and Molecular 

Solid State Properties 

Thermodynamic and Transport Properties 

Chemical JCinehcs 

Colloid and Surface Properties 

Mechanical Properties of Matenals 

Each program area is directed by a Program manager who consults with 
advisory panels sponsored by the National Academy of Soences/National 
Research Council and Data Centers of NSRDS for technical guidance relating to 
the specialized knowledge of their fields NSRDS publications are presently 
produced m the form considered most convenient by users, ranging from formal 
monographs, through magnetic or paper tapes, to loose-leaf data sheets The 
Data System Design and Research Section of the Office of Standard Reference 
Data (OSRD) is developing mechamzed means for data acquisition and handling 
in the NSRDS Its present emphasis is on systems for computer aided 
composition and printing of compilations. 

AvaiLibiUty A complete listing of (he corapilations and other publications of 
the NSRDS IS available from the Office of Standard Reference Data 

References 

1. ‘Tnformation and Data Centers Associated With the National Bureau of 
Standards Office of Standard OfHce of Standard Reference Data ” NSRDS 
Neas, Nanonal bureau of Stoadards. Technical Bulletin, August 

1967,V.51,No 8. 

2 Questions and Ansy-ers about the National Standard Reference Data 
System, U S Department of Commme, National Bureau of Standards, 
Washington, D C. (brochure) 



Iflventofy of AMilible Dili Dasct 86j 


NATIONAL library OF MLDICINL-MLDLARS 
MEDLARS (MEDICAL UTERATURL ANALYSIS AND RETRIEVAL SYSTEM) 

National Library of Medicine 
8600 Rockville Pike 
Bctheada. Matyland 20014 

Associate Director for Inira Mural Programs Joseph Letter 

Data NLM exhaustively aci)utres and indexes (for Index Medicus) material in 
over forty biomedical subject areas, plus, to a lesser degree, maCerul in related 
fields such as physics, zoology, chemistry, botany, and psychology 
The MLDLARS CCF (Condensed Citation File), on magnetic tape, contains the 
bibliographic information generated in the production of Index Medicus, plus 
added index terms, and data related to computer processing and searching Index 
terms (“tag words") appear in this file in coded form only An accompanying 
fde, the MeSH (Medical Subject Heading) tccotd, contains the En^ish 
equivalents of the codes appearing in the CCF 

File eharecuntiics and size Both files contaui fixed and vanabledength Helds, 
with maximum record size of }$4 computer words (48 bits per word) Tapes are 
7<hannel, recorded at 556 bits per inch density. The CCF contains more than 
500,000 entries, compnung twenty tape reels. Approximately 175,000 items are 
added per year. The CCF is linear, that is. in order by computer entry date, with 
each entry identified by a scnally assigned aiation number The MeSll fJe 
contams some 7,500 descriptors, and is in oider (numerically) by mam heading 
code. 

Computer Honeywell 800/200 system (Conversion to an IBM 360 system was 
scheduled for completion by mid-1970) 

Availability of tape files Complete files have been distnbuted on a monthly 
basis to five MEDLARS search stations throughout the United States, plus the 
Karolinska Institut of Stockholm, and the National Lendmg Library for Science 
and Technology, England Plans are in process for further expansion of 
distribution 
References 

1 Medlars Maintenance Guide, Rev 1 June 1966 Los Angeles, Planning 
Research Corporation. 

2 Tame, Seymour, "Bibbographic Aspects of MEDLARS ” Bulletin of the 
Medical Library Association \ S2,No 1, January 1964 

3 Adams, Scott, "AtEDLARS Perfonnance. Probtems, Possibilities " Bulletin 
of the Medical Library Associauon,'V S3,Apnl 1965 

4. Becker, Joseph, “The MEDLARS Project,” ALA Bulletin, V. 58 (March 
1964) 
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5. Austin, Charles J , "The MEDLARS Systcni,“Z)dMfnafion, December 1964 

6. U.S Department of Health. Education, and Welfare, National Library of 
Medicme, Guide to Atedkrs Services, Pubbc Health Service Pub No 1694 
(Revised March 1969) 


NATIONAL WEATHER RECORDS CENTER 

National Weather Records Center 

federal Building 

Asheville, North Carolma 2880 1 

Acting Director Mr. William Haggard 

Chief, Applied Climatology Branch William M. McMunay 

Data: The National Weather Records Center functions as the pnnnpai data 
processor for the Environmental Data Service (EDS) of the Environmental 
Science Services Admuustrauoa (ESSA), U.S. Dept of Commerce. The Center 
also houses and provides support for ESSA’s National Geophysical Data Center, 
and works closely with the Air Force, Army and Navy weather services, NWRC 
also cooperates internationally throu^ the World Meleorolopcal Organization 
and houses the records for the World Data Center A (WPC-A) for Meterology 
and Nuclear Radiation, which operates under the sponsorship of the National 
Science Foundation The data contained on magnetic tape at NWRC is 
compnsed of a vanety of meteorological data, such as, hourly surface 
observations, summary of the day data, radar, wind, and radiosonde observa* 
ttons, marine data, and solar radiation data obtained from the TIROS senes of 
meteorological satellites. In addition to magnetic tapes NWRC will provide 
reproductions of onpnal records, uucronim, punched cards, Satellite films, 
special data tabulations, radar films, and clunatological publications that are out 
of pnat. Job requests filled by NWRC Call into 3 categones (1) those requiring 
copies of basic observational data in vanous forms (magnetic tape, punched 
cards, imcrorilii], ongmal records, etc). (2) those satisfied by one or several of 
the previously published works or unpublished tabulations and summaries in our 
repository of climatolopcal mformalion. (3) those satisfied by a non-routine 
analysis or through scientific exploration 

File sue and cAjrjcfcwfJa: In May of 1966 NWRC held 17,000 reels of 
magnetic tape and this collection is expected to grow at a rate of 5,000 a year. 
Field structure, record length, and block length vary depending on source 
material and tape format With the acquisition of the RCA Spectra 70/45 
system. NWRC wdl have the capability to provide 7 or 9 channel tape at a 
density of 556 or 800 bpi and will add Random Access Storage m the form of 
discs (70/564) and Mass Storage Units (70/568) to their data systems 
technology. 


Computer: RCA Spectra 70/45 
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Aiailjbllity NURC ilata bases are available to Federal Agencies and private 
organizations, companies or individuals Private customers must establish a 
non-refundable trust fund based on NWRC estlmalesof the cost of thejob The 
present rate of charge for tape copy » $75 00 per reel of magnetic tape including 
the cost of the blank reel of tape but docs not include any selection or 
reformatting of the data Separate requests may be made of the center for 
specific programming or reformatting 

Refcrencci 

1 U S Department of Commerce Naiional U'caiher Records Center 
(Brochure ) Asheville, N C .January 1967 

2 Information in a letter from Richard Y Dow, World Data Center A, 
Coordination Office, August I, t96S 

3 Information in a letter from Willum M McMurray. Chief Applied 
Climatology Branch, National Weather Records Center, July 6. 1968 


NEW YORK TIMES 


Editonal Index Department 
New York Times 
229 West 43rd Street 
New York, New York 10036 

Director, Information Services John Rothman 

Data The New York Times Index is now being produced with the aid of a 
computer As a result subscribers are to receive some 15% more information 
through references shown under thousands of alphabetically arranged topical 
headmgs References include events sumroanaed in chronological order, with 
original publication date, page and column number The index is presently 
published twice a month m magazine form and all material for the year is 
re-edited and cumulated into an annual volume Production of the Index by 
computer will allow for custom searches for charts and a more legible type face 
from computer composition There is also a thesaurus of descriptors 

File charactensiics There is no bout on the length of abstracts and records may 
be composed of up to seven fields Coding is in upper and lower case 

Aeailabiliiy The New York Times is not marketing the magnetic tapes at 
present and does not plan to have the facility to do so in the immediate future 
With more experience, the New Yodc Times will determine whether demand for 
tapes justifies the additional cost of programming and tape production and the 
appropnate price for such services 
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References 

1 “New York Tunes to Be Computerized " Ltbrary Journal, January 1, 1968, 
Part I, p 26 

2 Information in a letter from John Rothman, Director, Information Services, 
The New York Times, March 5, 1968 


ONTARIO NEW UNIVERSITIES LIBRARY PROJECT (ONULP) 

ONULP (Technical Services) 

New Umversities Library Project 
University of Toronto Libraries 
Toronto, Ontario 

ONULP (Technical Services)' Mrs Susan Merry 

Data The Ontario New Universities Library Project was organued m 1964 for 
the purpose of cataloging and acquiring 35,000 titles m 44,000 volumes for five 
new academic Ubtants by 1967 Computet produced and computet maintained 
book catalogs were first issued m 1964 and provide author-title and subject 
union catalogs for the five participabng hbianes Magnetic tape records are 
assembled from punched cards to produce various types of output including 
shelfUsti and quarterly, semiannual and annual cumulatmgs of the author-title 
and subject catalog ONULP is participatuig m the LC/MARC Project by 
coordinating MARC tape records with ONULP records Entries include Library 
of Congress classification number, edition statement, sue of work, etc 
File c/iamcremfics The master tape has variable field and record lengths 
Output requirements from the magnetic tape entries require long computer- 
produced sort fields (maximum of sixty characters) to insure more accurate 
filing in subject cataloging and consotidauon of all titles by a single author 

Compuier- The IBM 1401 system » used for the master tape compilation and 
the IBM 7090 is used for catalog generation 

References 

1. Bregzis, R, “Ontano New Universities Library Project Computer Gen- 
erated Book Form Cata!og-A Progress Report “ February 27, 1967. 

2. Bregzis, R., "Umveraty of Totonlo/MARC Pilot Project ” In Organization 
and f/andling of Bibliographic Records By Computer, Edited by N S. M. 

OsvtVVstss,\%T,pp.\\VT'l^. 

3. Merry. Susan A , “The Ontano New Universities Library Project, A 
Cenualued Processing Expenment Completed ” Library Resources and 
Technical Seriices V 29,N!> 2, March 1968, pp lOA-IOS 
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PANDCX 


Pandex, Inc 

Amcncan Management Auociation Building 

135 West SOih Street 

New York, New York 10020 

Vice President, Sales Robert f Johnston 

Data Pandex proiJes a comprehensive data base from 2.100 periodicals. 6.000 
books, 5,000 selected patents, and 30,000 VS technical Reports annually All 
areas of pure and applied science are included with coverage beginning in 1967 
The contents of the Pandex data base is divided into four different types of 
entries (l)Book records-><ar. publisher, level. LC Card Number, pagination, 
price, subjects, authors, title (including subtitle and serial name). (2) Journal 
records-year, journal, volume, issue number, pagination, subjects, authors, title 
(titles may be enriched), (3) patent records, and (4) technical report records 
Each entry record contains manually indexed or manually edited thesaurus- 
generated subjects Pandex serves research re^uuements not satisfied by single 
disciplinary indexes but provides access to all literature of interest to a discipline 
as well The index generated by Pandex from Ihu data base is divided into two 
parts (1) Subject-entries containing full title, pnmary author and periodical 
reference, arranged by all significant subject words and subarranged by all 
significant secondary words, (2) Author-entries conlammg all authors arranged 
alphabetically (primary author entries containing full lille, all other authors, and 
the penodical reference) (secondary author entry containing name of primary 
author and periodical reference) The data base may be integrated into an 
existing magnetic tape system, searched by programs provided by PANDEX or 
serve as a basis for SDl service 

File Charactenstici Magnetic tape files of either 7 or 9 track format, BCDIC or 
EBCDIC configuration and 556 or 800 bpi are created Entries are recorded m 
vanable length records, 3-30 records per block, with a maximum of 3528 bytes 
per block 

Computer IBM 360/40 

Availability A weekly airmail magnetic tape service is offered for .6,500 a year 
including program and full documentation Programs are designed for in-house 
bibliographic searching and SDI service The index generated by Pandex from 
magnetic tape may also be received quarterly on microfiche or printed 
Re(erences 

1 “Air Mail Weekly Tape Service Specifications,” Pandex (brochure) March 
1968 

2 Information in a letter from Robert F. Johnston, Vice-President. Sales, 
Pandex, March 18. 1968. 
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RAND CORPORATION 


Linguistics Department 
Rand Corporation 
1700 Mam Street 
Santa Monica. California 90406 

Data The RAND Linguistics Research Project has compiled a Bibliography of 
Computational Lmguistics, which is being stored on magnetic tape Input 
contains up to 55 different classesof data, including complete citation, abstract, 
abstract source, abstractor’s name, subject headings and sub>headings, etc 
Emphasis is on flexibility of the catalog structure, so that the data may be 
sorted, merged, rearranged, formatted (for pruiting), and retrieved m a vanety of 
ways 

File charaetenslicj and sue The file is recorded on 7'trac1c tape, at 800 bits per 
inch. Size is approximately S.OOO items, with an addition of 100 items per 
month. 

Computer, IBM 7044 
Reference 

1. The Catalog A Flexible Data Structure for Magnetic Tape Los Angeles, 
Rand Corporation. 1965 (RM-464S-PR) 

2 Kay, Martm, Vatadex, Frederick, and Ziehe, Theodore, The Catalog 
Input/Output System Los Angeles. Rand Corporation, 1966 
(RM-4540 PR) 


SCIENCE INFORMATION EXCHANGE 

Science Information Exchange 
Smithsonian Institution 
209 Madison National Bank Building 
1730 M Street. NW 
Washington, D C 20036 

Director Monroe E Freeman 

Data. SIE registers, stores, and disseminates information on current research 
projects m the life, physical, engmeenng. and socul sciences Several magnetic 
tape flies serve as mdexes to the information collected, and are mvolved m a 
retneval and report program. The “Grant Master” file contams names of 
researchers, codes for their location, project dates, amount of funding, and 
subject index codes Approximately 8-10 codes are assigned to each item They 
are selected from a senes of independent subject indexes which are continually 
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altered and updated in order to teprcseni cunent rescatch topics Other tape 
flies invoUed in the system are an Index file (contains codes and corresponding 
f^nglish captions for subject index points and location of researchers), a Contract 
number-SIC accession number Cross Reference Hie. a Title file. Investigator file, 
and a Pending Projects file (not indexed as to subject matter) 

File characlensiici anJ il2e Master file records are in fixed blocked format, with 
record length of 450 characters, and four records per block Tapes are recorded 
in 9>track format, at 800 bpi density Total master file {i949'67) contains 
500,000 records (20 tape reels) Approximately 75.000 research records are 
added annually. The useful life of each record is usually no more than one year 
“Current” master file is contained on 7 reels of tape 
Carnpuier IBM 360/40 (1401/1460 compatibility). 

Ff/erenctt 

1 Marron, Harvey, and Snyderman. Martin, Ir. "Cost Distribution and 
Analysis m Computer Storage and ReinevaU" American Documentation, 
V 17. No 2(ApnI 1966). 

2 Marron, Harvey, and Foster, W R , “Subject Searches on Current Research 
Information of Parallel Computer and ManuM Files “ American Documen* 
tation Inslilule Annual Meeting, Proceedm^ V. 3, Propels in Information 
Science and Technology Santa Monica, California, 1966 

3. Science information Exchange Vur Re^utremenis Study Phase I Derenp- 
non of Existing SIE System. Columbus, Ohio BalelJe Memorial Institute, 
1965.(NSF4:431) 


STANFORD UNIVERSITY 
Meyer Undergraduate Library Catalog 

The Stanford University Libraries 
Stanford, California 94305 

Assistant Director for Automation Alien B. Veaner 

Data In order to provide copies of the library catalog at various points 
throughout the Undergraduate Library and at other locations on campus, a book 
form IS being produced through use of magnetic tape records and computer 
pnnting In addition, a shelflisl is produced m book form that lists all copies and 
volumes of books in the library. The catalog w kept current through monthly 
cumulative supplements and is printed annually 

File characteristics and sue A fixed length, 570 character, record is used for 
each title cataloged with provision to use 2 records for long entries Upper and 
lower case characters may be recorded with upper case characters requmng two 
positions Records are grouped 2 to a block Seven fields for each record 
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include. (1) A fixed field of 71 chatacters for classification, volume, and copy 
number and other data, and six fields of vanable length with a maximum of 400 
characters m each (2) Mam entry (3) Conventional title, (4) title statement, 
(5) Notes, (6) subjects headmgs, and (7) added authors and added titles In June 
1966 25,000 titles had been processed. 

Computer IBM 1401 computer (I2IC) «ith four tape drives, modified with an 
expanded (uppei'lower case) print chain on the 1403 pnntei 
IBM 7090 computer IS used for alphabetic sortmg 
IBM 360/30 system is bemg installed 

Atailabihty. Existing tape records for the Meyer Library coUection may be made 
available for research and expcnraentation purposes under certam conditions. 
Estimated price for use of the tapes for research purposes would be cost plus 
overhead, m the order of $50 

Relerenw 

1 Johnson, Richard D . Book Catalog at Stanford" Journal of Library 
Automation V. I, No. 1, March 1968. 

2. Johnson. R D , Stanford Undergraduate Library Book Catalog, A Fact 
Sheet, November 21, 1966. 

3. Information m a letter from Allen B. Veaner, Assistant Director for 
Automation, Stanford Uruversity Libraries, March 7, 1968. 


SYSTEM DEVELOPMENT CORPORATION 
Webster’s 7th CoWegiate Dictionary and The Sew Mernam Webster 
Pocket Dictionary. 

SDC Lexicographic Project 
System Development Corporation 
2500 Colorado Avenue 
Santa Momca, Calif 90406 

Project Director, John C Olney 


Data For both the Webster's 7th Collegiate (W7) and The New Mernam Webster 
Pocket Dictionary (MPD) parsed and unparsed transcripts are available, together 
with tapes containing concordance indexes, semantically reliable suffixes, and 
base and inflected forms The programs used to generate data from the basic 
unpatsed transcripts are also available. 


File Charactensttes and Size On 7-channcl tape (556 bpi) the W7 set compnses 
22 reels and the MPD set 7 reels* on 9-channel tape (800 bpi) the W7 set 
** S reeU AU these files consist of 80<haracter 
BCDIC logical records blocked 30 to a physical record (Note: The unparsed 
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lianjctipts of both W7 anJ MPD axe also available on 9'channcl tape at a density 
oflbOO b.p.t ). 

Computer. IBM 360/67. 

AiaiLibiltty of tope filet. Since tl is not convenient forSDC to supply magnetic 
tapes, they prefer that tapes be sent to them for copying on to The cost for this 
IS S9 per output reel regardless of whether the denuty is 556, 800 or 1600 b p i 
The requester should include iclum postage Application forms, which are 
available from SDC, sliould first be sent to (he G and C. Memam Company, 
SpringHcld, Mass 01 10| , to obtain Ihcu approval. 

The requester agrees to cetiain copyright provisions, and the Memam 
Company u prepared to grant approval on a broad basis to bona fide researchers 
the form is then forwarded by the requester to SDC. 

References 

1 OIney, 4 , el al Tou,erJ the Development of Computational Aids for 
Obtaining a Formal Semantie Description of Enghth. SP'2766/001/00 
Santa Monica, Calif., System Development Corporation, 1 October 1968 

2 Reichert, R. el al. TVo Dictionary Transcripts and Programs for Proeetsing 
Them Volume 1: The Encoding Scheme, PARSENT end CONJX. 
TM0978/001/00 Santa Monica, Calif. Syatem Development Corporation, 
15 June 1969. 

3 OIney, J. (Letter) To. All interested in the Memam^Webster Transcnplt 
and Data Derived From Them. I October, 1968 SDCltUet L>13S79. 


UNIVERSITY MICROFILMS LIBRARY SERVICES 
(Datm) 

Umveisity Microfilms Library Services 

Xerox Corporation 

Ann Arbor, Michigan 48106 

Manager, Sales Planning David H Jedele 

Data Datnx, (Zlixect A ccess to Refeiencc /nformation a Xesox Service), uses a 
data base of approximately 130,000 dissertation references covered by Disserta- 
tion Abstracts, from 1938 to date Another 130,000 references for theses 
wntten between 1861 and 1967 are to be added Monthly additions to the data 
base are to cover 90;:& of doctoral theses currently being written All major fields 
of inquiry covered by 160 participating Umveisities in the United States and 
Canada are included Dissertation titles, subject headings, and additional word 
descriptors supply key words for indexing 

Avatlabiliiy Services now include computer searching and listing of relevant 
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references, complete microfilm or xerograplucaUy reproduced copies of requested 
dissertations Computer tapes ate not presently available for purchase or lease 

Reference 

1. Information m a letter from David H Jedele, Manager Sales Planmng, 
Xerox Corporation, April 1, 1968 


UNIVERSITY OF CALIFORNIA AT LOS ANGELES 
-POLCEN” 


Department of Political Saence 
Statistical Laboratory 
4343 Social Science Building 
Umversity of Cabfornia 
Los Angeles, Califomu 90024 

Director Dwaine Marvick 

Data The ‘'POLCEN" (Political Census) file, from the UCLA Political Behavior 
archives, contains electoral and demographic records of Los Angeles County, 
including registration and voting figures from the 1958, 1960. 1962, and 1964 
general elections as well as the 1964 primary elections The file is organized by 
Census tract number, and includes information on land use, population 
characteristics, income, education, housing, employment, etc , as well as electoral 
information 

Ftle charactensuci and me Records are wntlen in binary notation, are fixed 
length, unblocked, recorded on 7-channel magnetic tape (conversion is in process 
to 9'Channel tape). The file contains 1^05 records (one for each of the County’s 
Census Tracts), of 1,185 words each 

Computer' IBM 7094 Conversion to System 360 is in process 

A vatlabiliiy of tape filet Files have been made available for use to faculty and 
graduate students at UCLA and other West Coast institutions. 

Note: This file is one of many included m the UCLA Political Behavior Archives 
A brochure. Social Science Data Archives ut the United States, 1967, pubhshed 
by the Council of Social Science Data Archives (New York, New York), lists 25 
orgamzations throughout the country which hold archives of a similar nature, 
coienng a broad range of subject matter. Many of these files are on magnetic 
tape, and are available to qualiFied users. 

Reference 

1. Bisco, Ralph L., "Social Science Data Archives A Review of Develop- 
ments " /tmcriMn Pohricaf Science iieiiew, V. 60, No. 1, March 1966 
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UNIVURSITY OF SOUTHERN OVLirORNlA-McCRAW.IULL 
NATIONAL INI ORMATION CENTCR FOR 
LUUCATIONAL MLDIA (NICEM) 

MCCM. Ditivion of Cineini 
t^noemly of Soulhein Califotnu 
Lo* Angeles, California 

Duector Glenn McMurry 

Vila The NICLM ptojccl Is concecneJ wUh the gathering and dissemination of 
information on nomboolc instructional materials. The project was established in 
1967, under a grant to USC fiotn McCraw-HiU, which plans to publish a 
20-volume Lducational Media Index. Media to be covered are motion pictures 
(16 mm, S mm), filmstrips, transparencies, motion cartridges, video tape, 
recordings (disc, tape), maps, globes and charts, reaha, prints and study 
prints, and l‘| and CAl materials Calalopng data for these items is being stored 
on magnetic tape, and includes title, producer, distributer, date, running time or 
number of frames, stock or color c^e, subject area, and a summary of content 
Retrieval is possible on all but the last of the above items, as well as by madia 
An additional element of information to be added wiU be the grade level of the 
material 

A NICEM thesaurus has been developed, wtuch contains approximately 1,000 
subject categories. However, work is m progress on a more detailed edition, 
which Will list more than 3,000 terms The terms appear on tape records in 
coded form (7 digit codes, conlainuig I alpha and 6 numeric characters) 

File characleruiici and ilie. Files are organued by media, then alphabetically by 
title. Tape records are variable length, with a maximum physical record size of 
614 characters To allow for extended annotations, logical records may consist 
of more than one physical record. Tape is 7-ttack, recorded at SS6 bits per inch 
density. There are approximately 40,000 cataloged items, divided as follows 
18,000 films, 17,000 fUmslnps, 1,500 transparencies, 2,000 motion cartridges, 
600 recordings, 2,000 other 

Computer: IBM 1401. Tape formats are cutrenUy bemg revised, and changeover 
to a System 360 will be accomplished in 1968 

.4vai/i2&ihr>' of tape filet There are no announced plans as to availability or 
distribution at this time 
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